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SOME OPINIONS OF THE PRESS. 



**Tlie best idea which can be given of the scope and value of this 
work is obtained when we comiMire it with Frank Balfour's treatise on 
Comparative Embryology. It is not too much to say that it is the most 
valuable text-book for the zoological student which has appeared since 
Balfour's book, and is a worthy successor to it. The mass of literatuiv, 
vast as it was ten yeai*8 ago, has incretosed enormously in the interval. 
Drs. Korschelt and Heider have carefully gone over it all ; and not 
only that, but they accurately and clearly give each authors contribution 
to the subject in hand, citing authority for every statement made, so 
that the student can go to original treiitises for fuller detail. I do not 
know of any scientific treatise which shows so clearly the author's desire 
t<» do justice to every fellow - worker, of whatever nationality, and to 
produce a work which shall l)e a complete and trustworthy guide lo 
the recent literature of a prodigiously prolific subject. There can be 
no doubt that we have in this new treatise on Comiwrative Embryology 
one of those invaluable, indispensiible works for the pro<luction of which 
authors receive the gratitude and esteem of their fellow-workers in all 
lands. It is a truly first-rate book." 

Professor E. Ray Lankestek in Nutun. 



"The translators have performed their task with skill. The German 
idiom is cpiite got rid of, and the book in its English form is eminently 
lucid and readable. The translators are to be congratulated on their 
work, and have earned the gratitude of all English zoologists. It only 
remains to siiy that the book is well got up; the printing is good, the 
ilhtstraticms are excellent, and the size is convenient." — N((tiirr. 



*'The translation of this imiwjrtant work into English will l»e welcomed 
by all students of animal morphology, for since the api>earance of 
Balfour's classical treatise on this subject, there has l)cen no one work 
of imi>ortance comprehensively dealing with a vast array of facts, many 
of which, unfortunately, are still isolated and unconnected. We con-' 
gratulate the authors on the successful accomplishment of their task 
and on their successful translation of many phra<es of great idiomatic 
difficultv." — British Medical Jonrmd 
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"The «:ience of animal einbn'ology advances so rapidly that Englibh 
^students have anxiously waited thi.s long-proniLsed ti-aus^lation of tin- 
leading CJennan manual. Delay has nut, however, had the result of 
rendering the Uxyk out of date. On the contraiy, it is a considfi-ablf 
improvement on the (terman e<liti<.»n, owing to the insertion of numei-ou.*- 
notes by the original authors as well as by the two competent tmnslatoit;.'' 

"Drs. Korschelt ami Heider are l)Otli well-known authorities, and their 
volume shows a wide knowle<lge an*! couMdemble eaiv in the selection 
and criticism of a wide literature. Since Rilfour wi-ote his classical 
treati.se an enormous quantity of ailditional information has lieen gained, 
ami the l>est (►f this is incnriKirated in the ])i-esent volume." 

"This admiifibh' tr;ni>laii<»ii int.» English of Drs. Koi-seheh and 
Heider'i text-lKH»k -u]»i>lies wliat in England ha.s been a lung-felt want. 
The ti':in>latoi's, nioivover, liave had the valuable as.Mstantv of the authoi> 
in supplying nuiiieruu^ adilitiou!* to the original te.xt, in tlie form of 
brief nutiies of results that have bt-m ]»ubli>hed .-im-e the original tii*>t 
apjK'aivjl, and the xvtak will br r.nvivrd with gratitude by all zrM)l()gists, 
whether lertuier- or .-tiKb-nt-." - ti,inr»fi'in. 



"The )»ubli«'ation oi thi- work by the I*n»fe>sors of Zonlngy in tin- 
L'niver>i!ie.- of Marburg and Berlin will Ik* hailed with >ali-l'a«'lion in 
the Kngli>h->iH'aking xit-ntitlr w«»rld, who have not >ul!icient facility in 
the <Ierman tongue to refer to th,- original, and by tluiM- whose time i- 
1<K» limitiMl to »*n:ible them to kei'p U'fore them the ra]»idly accumulating 
piilH-r*' and m«»ni>graph- ujMin «>mbrvological "iubjects." 

Kihirntioinil I!' ri, ii\ 

"Thi"» admirabli* /iMilngiral lext-binik. Th«* InMik is a >tan<lard <iernian 
lext-lMH)k i»f it- -ubivei, not only thoroughly e4iupiM.'d within it> own 
rump.!—, but alM» provided with a iijmprelu'Usive bil»li«»gniphy ot tin* 
furtht-r literature nf llif -ubjiTi. No pains have l»een >p'ire<l nvei tin- 
Kngli^h rendering. It de-i-rve- a h«-arty wrlrome from English >tud»*nt- 

I if /tM ill igV. ' — Srntsnnlfi. 

"It i<* •! prominent feature of the work lK.*ft)n* u> that its teailiing- 
tend pii>foundIy to r-how how deep is the hoM which evolution, a^ an 
explanation of the problfms nf development, has attaineil on the mind- 
fif bii>liigi>t>. It has proved it^^df to lie a veritable iK'acondight, guiding 
to a knowledge of hitherto dark ]ila«-c« in the domain of life.*' 

fiUwjov 11* ndti. 
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PREFACE. 



The present and third instalment of the translation of the 
Lehrhuch dcr vergleichenden Eniv-icklungsgeschichtc da" unrhel- 
losen Tliiere contains the Arachnida and appended groups, the 
Onychophora, the Myriopoda, and the Insecta, thus completing 
the Arthropodan portion of this work. The remaining volume, 
which contains the Mollusca, Ascidia, and Cephalochorda, will, 
I hope, be published at the end of the year. 

In connection witli the present volume, I have to thank 
Mr. K. I. l*ocock for his valuable assistance in tlie Arachnidan 
part, and also I have to thank Mr. A. D. Michael, who kindly 
read through the chapter on the Acarini and corrected many 
errors in the same. Most of the suggestions made by these 
gentlemen have been added as editorial footnotes, but some 
matter, when the original was obviously at fault, has Ixjen 
placed in the text. 

The very important work by Brauer on the Ontogeny of 
the Scorpion renders some of the text relating to this genus 
out of date, and this work should certainly be consulted by 
those studying the Arachnidiu His discovery of an additional 
segment between the thorax and abdomen is of especial 
importance in the interpretation of the Arachnidan body. 
In this connection it is interesting to note tliat this segment 
was correctly figured, though misinterpreted, by Metschnikoff 
in 1871, as a careful comparison of the figures of these two 
authors will show. 



via PKEKACE. 

In the Oiiychophora, Willey's pa|)er on PeriiHitm nonu- 
hritnnniae is of great importance, especially in connection 
with the invagination geiin-band in the Insecta and the 
interpretation of the embryonic membnuies. 

Among the numerous additions to the literature on the In- 
secta, Heymon's works, especially that on Lrjiisma, are worthy 
of careful study. Unfortunately, the interpretation of the 
ontogenetic processes in the Insecta is very ditiicult, and 
in consequence we still find a terrible confusion enshrouding 
the origin of some organs, especially that of the alimentary 
canal, which a number of recent authors maintain to t)e 
entirely ectodermal, a condition which, judging from what 
occurs in other Arthropods, seems extremely improkible. 

The germ-cells, as in the two previous volumes, are still 
treated of as mesodermal, whei-eas, as has been |)ointcd out 
in the editorial notes to Vols. i. and ii., these cells are probiibly 
handed down from parent to oflspring lis distinct and con- 
tinuous structures, their identity l>eing tcmiwirarily merged 
in the egg. 

In the pn»scnt volume I have added more n<>t«'s und 
literature and made more alterations in the text than in 
Vol. ii., and I hope that such alterations will tend to bring 
this volume more up to date. 

MARTIN F. WOODWAKl). 

UoYAi. Coi.lk(;k of S4'iknck, London. 
July, 189U. 
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CHAPTER XXI. 

ARACHNIDA. 

Systematic : — I. Scorpiones. 

II. Pkdipalpi. 
III. Palpigradi (Koenenia). 

IV. PSKUDOSCORPIONES. 

V. Opilioxes. 

VI. SOLIFUGAE. 

VI I. Araneae. 

VIII. ACARINA. 

I. Scorpiones. 

Thb Scorpiones are viviparous. The oval or spherical eggs, which 
are rich in yolk and are each surrounded by a thin membrane, lie in 
follicles that arise as outgrowths of the walls of the ovarian tubes. 
Fertilisation takes place either in the ovarian follicles {Euscorpius and 
Scorpio, Metschnikoff, Laurie), or when the egg has left the follicle 
and passed into the ovarian tube {Androctonus, Kowalevsky and 
Schdlgin). In the former case the embryo remains in the follicle 
during the greater part of its development {Scorpio, J oh. MCller), 
or leaves it when the formation of ' the germ-band commences 
(Euseorjnus italicus). Further development then takes place in the 
ovarian tulles or oviducts, which thus function as uteri. At birth 
the young resemble the adult in their general organisation. 

1. Cleavage and Formation of the Qerm-layer. 

The cleavage of the egg in Scorpions is discoidal. At the pole of 
the egg, which is directed from the follicle towards the ovarian tube, 
in the youngest stage as yet observed, there were found a number of 
cells which formed a small unilaminar cap on the yolk ; this is the 
germ-disc (Fig. 1). The blastoderm spreads gradually from this 
point, advancing very sluwly over the yolk (Fig. 2 A and B), Long 

B 



Ijefore it has grown roiiini the latter, however, the rudiment of this 
genn-band has appeared, tind tlie first dilTerentintioa of the Utter 
takes place at the jwint where the blastoderm first be-giui to form, 
A cleavage of the yolk, such as is met with in the eggs of the 
Aranene, does not occur in the Scorpiones. 

The discoidal claavage of the Scorpiones might be comparBd with the Cnuta- 
cMD method o! ciMVftge (lintiagiiisIiRl us Typo IV., and might, like the litter, 
be traced twck to eiiperlicial ctearage (Vol ii., ]>]>. 117 aud IIS). This would 
lie the more [icmiiasilile &a su]>cHlcial cicar&ge is, us > rule, widespread among 
■he Arachnida alw. In this respect Ihe Scorpiones, as comjiared with the 
Araueac, Diuat lie ooDsidsred as showing a modified tondidon, although they 
are iu other respects more primitive. The development of the eiulnTo within 
the bod; of the motlier is a sufGcient proof that mndificstioD iu the primftirn 
method of development has taken place. 

The Formation of the Oerm-layers. The germdisc does not long 
retain the clinracti?r of a single layer of cells. A thickening appears 
at its centre, which, on ihe a^^ 
face turned towards the yolk, 
appears as a swelling. This, 
according to Eowalevbkt and 
ScHULOiN, has arisen by a down- 
flinking of the cells. If we bear 
in mind, in addition to this, tb« 
longitudinal furrow described by 
Mbtscunikopf on the surface of 
the now oval germ-disc (Fig. 4 A, 
p. 6), we ore reminded of th« 
long slit -like blastopore that 
occurs in Peripalus and in the 
Insecta, and which constitutea 
the longitudinal germinal groove. 
In any case, the differentiaUon of 
the inner and middle germ-Iayets 
starts from this iMiint. 

LiCBiB [No. 23), iu his recent work, does not aclnsllj deu; the "dowB- 
siDkiug" of the cells and the presence of the longitudiual furrow, bnt being 
nnaUe In convince himself, seems iacliued to doubt their existence. This, indeed, 
cannot he coniidered ai eatabliihcd, especially as the descriptions given of Umsv 
procNscsare not veryexavt. LaCRiB derives the euto-mcsoUenu by delamiuatian 
from the cell-mass of the gemwlisc, in which no special regularity of stnictan 
i* ajiparanL But lie also Gods a thickened jniul at the [Kwlerior end of tlie 
gtrm-diac, in which rapid increaie of cells takes |>lace (formation of the ei 
ntaoderm), and which ooutd therefore be compared with an invagination [K 




Flo. I.— Ibk of JtMwrji** 
the gana^llH (aftet Manonaiaorr, from 
Biusin'i Tmt-HKk). 
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A, t). Tlie cniidol promineDce describe bj MRi'SCBNiKOFf (No. 24) is 
protiftbljr to b« iil^ntilied with this growitig point ; tlie farmer projvcU into thv 
jolk, and at a later iKriod shifta into the caudal region of the embryo, Ladkii 
comparea the thickened part with the priniitiBe streak iu vertebi'atea, acid we art 
again involuntarily reniindwl of tha conditions found iu Feripatiii. In tlie latter 
the " jKiint of ingrowth " liea at the poaterior end of the long blaatoporp." 

When the genn-diGC, by the active increase of its eloTHeots, has 
attained a thickness of several cells, these still appear hut slightly 
differentiated into 
layers. The inner 
surface of the germ- 
•iisc 19 now quite 
irregular, for siuglc 
cells become de- 
tached from it, and 
shift into the yolk 
<Fig. 2, .0). These 
cells give riee to 
the amoehoid yolk- 
cells, vhidi are dis- 
tributed throughout 
the yolk, and bring 
flbout its disinteg- 
ration, mt/iouf, h&to- 
ever, taking jmrt in 
tlie fonnailon of the 

embryo (Koi\-alkv8KV and Schulgin, Laurie, [Bbaueb]). They thus 
differ from the corresponding cells in the Arnneae, which partici]>ate 
in the formation of the enterou. The eiilodcim of the Scorpiones 
arises by the differentiation of the cells of the germ-disc lying next 
W the yolk to form a regular epithelium (Fig, 3, A and B, ent.). 
The cells of this layer differ further from the adjacent cells by their 
bighly-refractive oppeorance, due to the fluid yolk which they liave 
absorbed, 

Tlie mass of cells which, after the differentiation of the entoderm, 
remains between it and the ectoderm, corresponds to the mesodenn 

■ [Braitrr (App, to LiL ou Scorpiouea, No. II.], in his interpretation of this 
pottalior tUiukeuinc of the blaatoderni, disagrcei with all former iuvestigatori : 
lie aeea iu this tliickenitiK the genital rurliiiient. Tlie nieaoderm-celU arise in 
frant and st the sidfa of tliiK thickened area as pioliftrationc from tlio ectodemi. 
The entoderm artHea by delamiuatioD from the primary blutodei-m, ami is fii'st 
obwrved httwwn the jolk^cella on the one hand, and the ectoderm ur the geiiital 
mdiment on the other. — En] 




4 ARACHNIDA. 

(Fi;;. 3, A and B). At first this is an irregular mass, extending over 
the whole region of the germ-disc, but at a later stage it takes the 
form of two symmetrically arranged bands situated near the middle 
line. These two hands, which fuse with one another posteriorly^ 
become divided up later into the primitive mesodermal segments^ 
«»ach of which contains a cavity (Fig. 3, 7i, vies). 

The increase in amount of the mesoderm is due to a multiplication 
of the cells of the primitive entoderm from which, in places, it is not 
yet differentiated (Lauuie). If it were the case that the principal 
increase of the cells i)roceeded from a jwint at the posterior end of 
the germ-<lisc, a growth of the mesoderm-bands from Ixjhind forward 
Would result, such as is found in many other segmented animals. 
Th<» diirerentiation of the mesovlerm-bands would then proceed here^ 
!u< in those forms, from before backward. 

2. The Origin of the Embryonic Membranes and the Development 

of the External Form of the Body. 

During the pn)cesses just described, the germ-disc has extended 
but little over the yolk, and still appears as a rounded, or somewhat 
oval, disc. Even at this early stage the formation of evittryonie 
nifinhranes begins. A groove appears near the periphery of the 
g<»rm-di8c, running right round it and marking off the central- 
portion of the disc in the fonn of a slight prominence rising from 
th«? narrow jMTipheral area. At the edge of the groove a fold of the 
«?c^)^h•rm rises, and this now grows from the jwriphery over the germ- 
disr, finally fusing at its centre. The two lamellae of the embryonic 
envelope are thus formod. The outer membrane, which lies imme- 
diately below the «*gg-integument, is the /»<?r(>x^/, and the inner, the 
(imninii. During the formation of this ectodermal fold a few meso- 
derm cells are saiil to pass in between its two lamellae (Kowalevskt 
and 8ciiuix)in). 

A<MMiniiii^ to KoWALEvsKY mid Schtloin, the formation of the embryonic 
••iivtlo|H's ill tlie S«*ori»iuii«'s (at least in A ndroctunus) takes j>liu'e in the same way 
a» ill th«' Inserta and Vi-rtehrata. LAruiK, who investij?at«'«l Euscorpius italicus, 
rfiiuv to A (litlVrent roncluMon re^niiiij^tlie origin of these inenihranes, he thought 
tliat the t\v«) ri'll-layers wliit-h form the serosa and the amnion grow inde]>eD- 
di'iitly ovrr the p.Tin-disc from it** ixTijihery. Thr serosa appears first as & 
I.iv* r of rvlls A\hirh ri***'"* all round tin* e<lgo of the p'nii-disc, an<l jn^ws towards 
ill*' r.-nlre, whi-n- it fuses. Only aft<'r this fusion does a second layer, the 
.inini«»n, aj»|Har, and jmss through the same ]>roc«-8s (Kij;. 3, A and B), Such 
.tn ••ut^nowth of a Hin>;lc layir of ccIN is ditlicult to understand, and must 
no •i.iu)*t have ori>:inat«ii as a f«>ld of ectoderm consisting of two layers of cells. 
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The mttliod obacrved by Kowalbvskt and Schulgin njust, therefore, Ix- 
rfgardcd as the more {irimitiTe. Somewhat aimUsr i>rocrssea &re, also, to lir 
found in the Inseota (eapetiially in the Hytnenoptera). iu which the outtr Uj-tr 
of the fold firowa oat beyond the inuer, leaving the latter behinti, so that it 
appears vostlgial or else altogether disappears (i^. the nccoulit of these procetises 
-which is giyen below in connection ivith th« Hymenoplera, the Apkidae 
and Oaunthia). In such cases the enihryonfc uuvelope conaisW solely of the 
outer membratie, the lerosn. Kednctioii does not, appaiently, go as far as this 
in the StwrpioDea, two membranes bciuf; always Toiiud in them (Mbtbdhkisoff, 
Oakih,* Ulocbha^N). Methchnjkoff also fuuud that the amnion forms 
Uter than the serosa, and this seems to cooSrm Lafuie's view, although 
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Mbtschsikoff was not able to make any ei&ct stateniuDts hi to the method of 
devslopment of the inner memhtane, While the seioss is composed of large 
«el!i, the amnion consists of much smaller cells. Fine tilanieuta, arisin;; from 
the small cells of tiie inner menihrine (Fig. S), ore said to eitcnd from one 
memhrtne to the other. 

The mesoderm cells which, ocooniing lo Kowalevskt and SfHtitaiM, extend 
between tli« two memliraues of the emliryouic envelope, reciiU the particles ol 
yolk wbich occaRionoUy occur between the' aujnion anil the serosa iu the 
Inteeta, a phenomeDon wliicli 13 explained liy the method o( origin of llicap 

B (No. 18, 188";, 
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i'Ni-clo[«9. LAfRlE (1 130(1 vereil iio mesndenu-cells between the embryonic integu. 
mcnts. It will only bo possible to form b reliable opinion on this subject »fter 
tbo aiiiieiiraiicf of Ko«'alevskv and ScHULfiiN's complete work; as yot we 
liave only a preliminary sketch nuaccompauied by figures (No. 10).* 

During the formation of ttie germ-layers and the development of 

the embryonic envelopes the getni-dUc changes its shape, becoming 

broader at its anterior end 
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Mkt:si-hn'iki>ff. and it i- nime proUI'li: that all the iruiik -segments are deriv-a<) 
from Clio jMwt^rior repon. These early itafws of the Becnu'iilcl Kerm-baiid «ho«- 
• eiTtain simiiarily nilh Ilie oiil^>;!Ni>'tic stagea of Ihe Trilobita, and might 
liiua give rise lu » I'onijwris.ni ivitli lliese foriNS (Vol. ii., \>. 3-10]. 

In EM'-urjiiw, n .itagi- was uliservcd at which were present the 
|irimary c('jili:ilif xi-X\<>\\, ii siililIUt segment followinf; this (that of the 

• (lIlLAi-F.ii^ Ap[i, I.. Lii. nil .«,i,rt.ir.ni>H, Xo. II.) olwrvations on the origin 
••r tlie em1>ry.>iiii' .'tivli.]'.". in E«frm-fU<i nm in aKn'enient H'ith those of 
LArmi:. Hiiaikii'i a<:<'<<iiiit i>j [In: wlmle ontogeny is most complete.— Ed.] 
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clieliceroe), a large aeffment (that of the peiUpalps), another in the 
act of forming (that of the first pair of liniba), and, finally, a large 
caudal region. By the separotion of other aegmenta from the latter, 
the number of body-sotnites is increased. The most anterior of 
thsae, mth the exception of the primary trunk-segment, eeem the 
most developed. They liecome less distinct as the caudal region 
is approached. A furrow appearing in the middle line (neural 
groove), which is concerned with the formation of the ventral 
chain of ganglia, and is in no way connecte<l with the median 
longitudinal furrow already mentioned, divides the getmniisc into 
two symmetrical halves (Fig. 4 B). The similarity between tliis 
embryonic rudiment and the germ-banJ of other Arthropoda and of 
Peripalus is now very pronounced. The germ-band ties u]>on the 
yolk, vith its ventral surface turned outwards. In the region 
occupied by the germ-hand, which includes the greater part of the 
germ-disc, the latter appears much thickened (Fig. 3 li): the germ- 
layers spread over the yolk beyond the germ-band, bnt there appear 
much less developed. They gradually grow round the whole of the 
yolk, which thus comes to lie inside the embryo. 

The Mrcumcreaceocc of tlic yolk by tlje cell-layers, which have long beeu 
rlifferentiatcd m f(erni -layers, cnimot he rcgaided u RastralatiDTi, as «u thought 
tiy BALTOca. Neither does the hlsstopore lie ou the dorul surfnce, hut is rather 
to !« sought on the ventral surfaeo, in the middle of the germ-diac [p. 2). 

When about ten segments have appeared (Metscbnieoff), or 
perhaps earlier (Laurie), the limbs become apparent. They arise 
as outgrowths of the segments on each aide of the middle line 
(Figs. 4 C and 6), and are hollow and truncated, the primitive 
mesoblostic segments which have already altaineil development lying 
for the most part within them, a feature which we shall find exactly 
reproduced, not only in the Araneae, but in Peripatiu and in the 
lower Insects. The development of tlie limbs also takes place from 
before backward, but the chelicerae are remarkably late in developing 
(Fig. 4 C). When the pedipaljia are already large, the chelicerae are 
no more than small prominences (Fig. 6). This must be explained 
by their smaller size in the adult. The chelicerne as well as the 
podipalpe are without doubt postonU in position, for the mouth first 
appears quite anteriorly between the c«phalic lobes (Fig. G, m). In 
front of the mouth, an unpaired structure, the upper lip (or rostrum), 
appears later (Fig. 7 U). The rudiments of the four pairs of limbs 
which follow greatly resetuhle the chelicerae and pedipalps both in 
form and in position (Figs. 5 and 8). The series of thoracic limhe 
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is followed by another scries of six pairs of nUlominal limbe. [In 
froDt of tbese is a small limbless se;;ment (BtuVER).) The first 
pair is specially small, and soon degenerates, the slight prominence 
covering the fc-eiiital aperture (genital operculum) taking the 
place of these limbs, while the second pair gives rise to the Urge 
combe (Fig, 7 C, pe). The four poaterior pairs also almrt, but first 
become connected with the forma- 
tion of the lung-aacfi. as will b« 
ilescribdl later (Fig. 8, ai^-a/fi). 
While the number of segments 
and limbs increases in the germ- 
band, the position of the lattor in 
relation to the yolk changes some- 
what. By continuous growth, it 
finnlly covurs almoet half of the 
oval yolk. As the anterior end 
grows specially large, the cephalic 
lobes extend round the yolk, aiid 
the germ-band now appears bent 
round the anterior pole of the egg 
(Fig. 13 A and B, p. 22). The 
posterior end of the germ-band, on 
the other hand, grows out from 
the egg and bends downwards 
and fonvartls, and the poet- 
abdomen continues to grow with 
ite ventral surface turned to tlie 
ventral surface of the germ-band. 
On its ventral surface a furrow it 
appareul : this is Ihc conlinutttion of the neural groove (Fig. 7 B). 
Five segments form in it at a later period, the unacgmentcd teleon 
remaining as the terminal joint (Fig. T C). In the germ-band 
proper, the ventral chain of ganglia now appears as a series of 
distinct segmental thickenings (Fig. T A and Ji). Long before 
the germ-band has developed to ihia e.it*ut, tlie germ-layen 
outsiile it have extended furtlier over the yolk ; this extension of 
the blastoderm consists not only of the ectoderm, but also of the 
eiiUKlemi, which is composed of large cells underlying the former, 
and in this manner the yolk is gradually enclosed.* In the coum 

* C/. tli« detailed sccooDt of Ibe ronnatiuii of tlii; inleatinal cuul, glTtn 
bdow (p. lU). 
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of development, tbe yolk becomes absorbed by tbe entoderm, prob- 
ably after the yolk-cells scattered throughout the former have 
brought about its liquefaction. Tlie en- 
teron formed by tbe circumcrescencc of the 
yolk by the entoderm becomes connected 
with the stomodaeum, which is formed 
between the cephalic lobes (Figs. 6 and 
13 B, m). The proctodaeum alao arises 
from a depression of tbe ectodenn situated 
on tbe ventral surface of the teleon 
(according to Kowalevsky and Schuloin 
on the penultimate segment). The meso- 
derm also extends with the growth of 
blastoderm over the yolk, and, starting 
from the ventral surface, grows upward 
between the ectoderm and the entoderm. 
The development of the embryo thus 
progresses from the ventral surface, which 
was formed early, towards the dorsal 
surface, until at last this also is com- 
pletely covered. 

It appears as if the extension of the 
embryonic rudiment over the yolk was 
accompanied by an outward displacement 
of the primitive attachment of the embrj'oni 
finally surround the whole embrj'o. According to Metschnikoff, 
they become entirely detached from the embryo, evidently after 
the enclosing of the yolk, and then form an isolated bilnminar 
envelope around it. Mbtschnikopf also confirms Gakix's view, 
that between the inner envelope and the embryo another fine 
cuticular membrane is secreted by the latter, and becomes detached. 
This would represent a larval integument, such as occurs in the 
Araneae and Acarina. The embryo is bom surrounded by the 
embryonic envelopes, and escapes from them only after birth 
(Metschnikoff). 

The limbs of the embryo, up to this point, are merely truncated 
appendages. The pedipalps now become forked, and thus attain 
their chelate character (Fig. 7 B) ; the cheliceroc undergo the same 
development. Both these pairs of limbs shift towards the mouth 
and lie at its sides. At the base of each of the pctlipalpa and of 
the four pairs of limbs there soon appears an outgrowth, which at 
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tirsl is somewlint large, and is directed towaivU thi3 raidille line ; 
out of this the masticatory lilade-like appendage of these limbs 
is developed. These hiailes, as wc have shown, are of importance 
in comparing Scorjiio with Ltmulus. It is a significant fact that 
the embryo, according to LaU-RIb, has these appendages on all the 
four pairs of liniljs, while in the udult they are found only on 
the first two pairs (in the Pedipalpi on the second pair only 
{Phrym»)). 

With the segmentation of the limbs, which takes place somewhat 
late (in the stage depicted in Fig, 7 C), the embryo approaches 




— Tliiwimlffjwof Cui«»Tyl«»((a'(c»n(iftMlln»cH»i«oFf,froiu BurotiB'* ra(4«Dt). 
KBt-aUamen ; ck, cbdlccnc ; pd, jwllpilpa : gJ-i'', Ihs four iiulialiitory liatM ; ft, tb* 
Lnr* (•ynrU) : •>. ttigmtu. In Uis mlJdlc li» li Iba Demi En»TB. ud at \\a ihl* tht 
miiil nr thn vantnl clillii of sangllt. Tba ivphillc plU an rlaTblc on Iha eapballs 
*\n A and C, and the inellmi tya In C. Tha truuvcrai iiiarklngi dd tbg abdonra ■» 
malt ot lb* InUrsal •onneiitallan caui«d bjr Ihe prlmttlvo mnodenDil tiiniUDU. 



the adult funii (Figs. 8 and T C). The limbs lengthen at tlie same 
time, and the rest of tlie body undergoes the niodificationB described 
above. The appendages of the first abdominal segment [second 
Kcoording to Biuueii] degenerate, while those of the second 
negmcnt [lliird of Bbaueh] increase in size and develop traneveTW 
furrows, which indicate that wc have here the rudiments of the 
pectines (combs). Important moditi cations occur in the four 
following pairs of limbs, invaginaiionB, which lead to the develop- 
ment of lunga, forming on tfaeii dorsnl sides (Ladrie). As i 




DEVELOPMENT OF THE EXTERNAL FORM. 1! 

ui vagi nations form, ihe abdominal limbs themselvea gradually do- 
generate. In the embryo de])icl«d in Fig. H, tlie abdoiuiiial limbs 
can Gtill be recognised, while, in Fig. 7 C, the four pairs of stigraata 
are already visible. 

The origin of the llinj^ u inragina- 
tions on tho dorsal aideof llie aMoiiihiBl 
liiiilia IB a point of importance in com- 
paling the Scorpiaiica witli Limuliis, 
ainoo this ontogenetio feiiture is refer- 
able to th« drawing of the 1>rani?liiiil 
Umellic into the body. Although 
we fe«l inclined la adopt this point 
of yi?w, it appeal's to lu that tlie 
jirooft hronght forward by LifiiiE in 
support of this important point are 
not sufficient, and that the whole 
subject reituires mare careful and 
thoroQ^h investigation than it haa 
rectired in his treatise. It cannot 
lie denied that the relation of tlie 
lanjc-inTaginationa to the abdominat 
limbs is very striking. This is evident 
from Pig. 8, after Mbtscbnikdff, al- 
though this autlior remaiks that the 
lung -invaginations are not derived 
from thv limbs, but ansa at the points 
where the abdominal limbs have dis- 
appeared. 

Behind tho last stigmata-bearing segment another pro-ubdomin!il 
segment develops, thla being followed by the poet-aMomen of five 
true segments and the telson. The fust-alKlomen is still bent round 
ventrally (Fig. 7 C). The telson has developed at its end, and two 
ectodermal invaginations give rise at its point to the paired poison 
glands, which in the adult still ojien through two apertures at the 
tip of the telson. The anus appears as an ectodermal invagination 
at the end of the last true aegment of the post-abdomen. 

By means of the modifications just described, the embryo attains 
the general form of the adult, these external changes liaving been 
aeeompanied by development in the internal organs, which will he 
described later, and in the covering of the body, chief among these 
being the secretion of the chitinous cuticle. At the time of hatching, 
the young Scorpion raises its post-abdomen (tail) over its back, thus 
«oinpIetii)g its resemblance to the adult, 
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3. The Formation of the Organs. 
A. The Nervous System and the Eyes. 

The ventral longitudinal commissures arise early in the form of 
two thickened bands situated at the sides of the median groove, and 
extending the whole length of the body (Fig. 7, A and B), A 
segmentation into the ganglia is soon apparent. The increase in size 
of these ganglia (according to Kowalevsky and Schulgin) is due to 
the development of ten to twelve pit- like depressions on each 
segment, these representing points of specially active cell-growth. 
Fifteen to twenty such depressions are also found on the cephalic 
segment. They suggest the vestiges of sensory organs, which 
finally disappear when the chain of ganglia becomes detached 
from the ectoderm. The invaginated median strand (the neural 
groove) also seems to participate in the formation of the ventral 
chain of ganglia (Patten, Laurie), but this point is not yet estab- 
lished. We are unable to determine from tbe statements of the 
above authors whetlier the chain of ganglia and the supra-oesophageal 
ganglion form one continuous rudiment, or whether these two parts 
of the system arise separately. 

The snpra-oesophageal ganglion seems to arise in close relation to 
the invaginations which were evident in earlier stages, first as rounded, 
and then as semi-circular depressions on the cephalic lobes (Fig. 4, 
(7, and 7, A and /?). While these cephalic pits are still shallow, a 
distinct thickening of the ectoderm takes place between them (Fig. 
12, A). This forms tlic median wall of the two pits. We may 
assume that this thickening is chiefly concerned in the formation of 
the brain. Later, the pits become deeper, tlieir apertures become 
narrower, and shift backwards, as will be further described in 
connection with the formation of the eyes. It appears that the 
rudiment of the brain at the same time becomes gradually detached 
from the pits, and takes up a more lateral position. This accounts 
for the fact that, at a later stage, the rudiment of the brain lies 
laterally to the pits. The cephalic pits furnish the rudiments of 
the median eyes. 

Tlie alK)ve descriptiou does Dot altogether agree with statements made by 
Lauuie. Kowalevsky, and SniiLoiN, wlio regard tlie brain as more closely 
connecte<l witli the depressions, indeed, as <lirectly (Jerivi-*! from tliem. \\c are 
not able, however, to intfrpret the figures given by Laukik and pArrEN in any 
other sense. There would still be a connt-etion between the fonnation of the 
brain and that of the median eyes, but it would not he so close as the authors 
above-name<l imply. 
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In the rudiment of the brain, and especially in those parts of the 
cephalic pits which take part in its formation, there occur the same 
small depressions which were mentioned above in connection with 
the formation of the chain of ganglia, and were regarded as the 
formative area for ganglionic cells (Kowalevsky and Schulqin, 
Laurie). When the brain separates from the cephalic pits, it seems 
at the same time to lose its connection with the ectoderm. 

With the brain are united the ganglia of the cheliceral segment 
(KowALEVSKY and Schulqin), a corresponding connection being 
found in the adult. The two pairs of cheliceral nerves thus have 
their origin in the brain, which is divided into an anterior portion, 
giving origin to the optic nerves, a small middle unpaired portion 
giving origin to the nerves of the rostrum, and a posterior paired 





Flo. 9.—Eu9corfnus italicvs (after Laurie). A, transverse section through the anterior part 
of the embryo ; B, anterior part of an embr>'0 spread out flat, and seen fh)m the ventral 
side ; C, sagittal section through the head, a, rudiment of the median eyes (lenses) ; ch, 
chelicerae; e, cephalic pits; g, brain; p,, p,, first and second ambulatory limbs; ped, 
I)edipa1ps ; vd, stoniodaeum. 

portion giving origin to the cheliceral and sympathetic nerves. The 
thoracic ganglia and those of the first two [? three] abdominal 
segments unite to form the large sub-oesophageal ganglionic mass in 
the thorax which approximates to the brain. The number of ab- 
dominal ganglia becomes reduced, by this fusion of some of the 
anterior pairs, to seven (four probably belonging to the pre-abdomen, 
and three to the post-abdomen). Some of the above facts were 
made known through the researches of H. Rathke (Xo. 28) as 
early as 1837. 

The formation of the median eyes is connected with that of the 
supra-oesophageal ganglion, inasmuch as both can be traced back, in 
part at least, to the cephalic pits. It has already been stated that 
these pits are said to take part in the formation of the brain. It is 
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probable that, before the complete separaljoii of the bi-ain from tUi.- 
cephalic pita, the apertures of the tiro iovnginations (Fig. 9, A, e) 
§hift backward and towards the middle line, so as to fuse later tti 
form a common depression. This chauge is evidently due to n 
jirocesa of growth, by which that portion of the body lying between 
the pits is gradually drawn into them. If we rightly understand 
Lacrik's description, the common pit seems to be of large extent, 
but rather shallow (Fig. 9, B, e). It lies immediately in front of the 
chelicerae which have already developed as pincers. 

The position of the chelicerae in relation to the cephalic jiit u 
somewhat difficult to determine from the iJlnstrations available. In 
Fig. 12, the pits at several stages ate indicated in outline; but 
unfortunately 1'atten'b description does not enable us fully to 
understand hts figure. 




rH nUgM of dnviluiHPFnt ol 



The outer edge of the pit grows towards the middle line, thus 
roofing it in and causing aii approximation and ultimata fusion of 
ibe two apertures, and the formation of a single bilobed pit in place 
of the two originally distinct ones (Figs. 9, C, and 12, F). The 
outer wall of Ihe pit lying under the ectoderm or hypodermii 
tliickena (Fig. 9, C), while the inner wall remains thin and uiiilam- 
Inar. Tlin whole depression, which is somewhat closely apposed to 
the hypodermio, becomes flattened dorso- ventral! y, so as to appear like 
n flat pouch '(Fig. 10, A). A right and a left portion can, however, 
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lie recognUetl, and each of these portione correepon^B to tlie nidi- 
mciit of one of the ej'es. 

The dorso-ventrnl flattening undergone by the common optic pit 
consideralily diminishes the wkb of ita cavity, of which, finally, ooly 
traces can be found (Fig. 10, A). Tiie external apertnro also eloaea 
completely. The tliiclceiied upper wdU of the optic pit is now iii 
close contact with the hypodemus (Fig. 10, A, r), and pigment has 
already appeared in it. It Tepresente the retina of the eye, and, later, 
by gradual difierentiation, yields the groups of retinulae, as well an 
the pigment-cells between ihem. The hypodernial layer (A) which 
lies orer the letiiia becomes the vitreous body, and secretes the lens 
externally ; it has therefore recently been designated as the lentigeii 
layer (ArARic). The cell-layer lying behind the retina, i.e. the lower 
wall of the optic pit (Fig. 10, 2»'), is the post-retinal layer of ecto- 
derni-cells found in the adult. This layer secretes posteriorly the 
cuticle which surrounds the optic cup (Fig. 10, C), The post-retinal 
layer itself comes into close contact with the retina at a later stage. 
A cuticle resembling the basal membrane of the imst-relinid layer 
also appears between the cells of the vitreous body and the retina 
(Pakkkr). It represents the fused cuticular borders of these twn 
CLdl -layers and separates them from one another (Fig. 10, C). 

Tlie innervation of the devtdoping eye ia of special interest. It 
has already been shown that jiart of each cephahc pit enters into the 
formation of the brain, and the optic ganglia must, indceil, arise 
i.'iiiefly in this way. In Fig. 1'2, II and C, theso ganglia are seen 
fonnect«il with the optic pit. Later, they become almost entirelv 
£H;parated from it, retaining only a narrow and drawn-out connection 
representing the optic nerve (Fig. 12, C and D). On tlie inner 
side the optic ganglia are connected from an earlier stage with the 
iirain (Fig. 13, A and D). 

In the earlier stages in the development of the eye, the optic 
nervH is at first connected with the convex surface of the optic 
invaginatiou (Parkxr), oud the nerve fibres seem chieHy to unite 
with the surface which is turned towards the hypodermis (Fig. 10, 
ft). This surface, however, corresponds to the side of the retina 
which, in the adult eye, is directed towards the exterior, i.e. the 
nerve-fibres at this stage unite with those ends of the retina-cella 
which, in tlie adult eye, are the free ends, and are directed outward. 
Ijirectly op[)osite conditions are thus found in the embryo luid in the 
ndult, and it mutt be assumed that the nerve-eudings shift, during 
the course of development, from the outer to the inner ends of the 
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retinal cells (Mark, Parker). If the above is really the case, these 
processes are of great histological interest, but these changes need 
further investigation before they can be regarded as fully established. 
From a theoretical standpoint, the account just given of the optic 
nerves is highly suggestive. The rudiment of the eye appears as 
an invagination, and we should expect that, by the closing of this 
invagination, the lens and the vitreous body would develop from the 
outer, and the retina from the inner, wall of the optic pit The 
nerve would then join the posterior wall of the eye. This latter is 
actually the case, but the lens and the vitreous body are formed 
from a part of the hypodermis lying outside the invaginated area 
(Fig. 10, A-C), A striking modification in the formation of the 
eye has thus come about, the cause of which is as yet unknown. 
The result of this modification is that the surface of the retina 
which, at an early stage, was directed inwards, is now approximated 
to the lentigen hypodermis (Fig. 10, B), With this portion of the 
optic pit the nerve retains its primary connection. In order that 
the eye may form according to this new method, however, the nerve 
must shift from the original convex, lower surface to the primary 
concave surface of the invagination (Fig. 10, B and (7). A portion 
of the wall of the pit becomes, during this process, the post-retinal 
layer, losing its sensory character. This layer must necessarily be 
traversed by the nerve, as is actually the case in the adult animal 
(Ray Lankester and Bourne, No. 20). 

The lateral eyes arise much more simply than the median eyes. 
At the time when these hitter arise, two long pigmented areas of the 
inU»gumcnt appear laterally and somewhat posteriorly to them ; 
these are the rudiments of the lateral ejes. The hypodermis is 
much thickened at these parts, and a number of depressions appear; 
there may be as many as five, but the number varies in the different 
species of Scorpio (Fig. 11 -^, II-V). Each of these pits gives rise 
to an eye, which develops very simply in keeping with the simple 
structure of the adult lateral eye (Parker). The greater part of the 
invagination becomes the retina. When the lens is formed, the more 
peripheral cells grow inward over the central portion (retina) and 
secrete the lens, which now lies over the slightly depressed central 
part (Fig. 11 B). In this latter, we now find difierentiated retinal 
cells and the intercalated pigment cells, while, laterally, this single 
layer of cells passes gradually into the peripheral (lentigen) cells, 
which, in their turn, are continueil direct into the hypodermis 
(Fi;;. 11 B), This continuous cell-layer secretes posteriorly a cuti- 
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cular basal membrane, ^bich Beparatea the eje from tlie Bunounding 
tissues. The neire becomes connected with this posterior side of 
the eye. 

While the median eyes of Scorpio thus originste as complicated 
proceaaeB of infolding, the lateral eyes arise very simply as mere 
depressions of the hypodermia. The simpler stnicture of the lateral 
eyes is not eulfident to explain this, so that there must be other 

a. 




u tluough two ODtoi«n«Uc slagei of the ItMnl cya of SrorpiB. A, eulJer, 
B, bier ataii*; wnifwlut diagnniiiiitjc (iFMr Fabker ind Laumi). Il-f, tha optiB 
Inn^^luitkini 1 h, hnndanula; <>i, Intaniennl mlla; t, liina: nii, maaodarmil tluue; 
■, optic nerva ; pn, perlncanl cclta ; r, ntiaa ; rA, rhibdom ; n, niUiul cells (tenuluil call* 
of tlMDervaX 

factors which are not yet rightly understood. In relation to this, the 
transformation of the cephalic pits into the rudiments of the median 
eyes is remarkable. 

We have founded our account of the origin of the brain and the 
eyes on the descriptions of authors who have investigated this 
su^ect, hut these are for the most part very incomplete, especially 
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as regards the tormatioa of the brain ami tlae first rudiments o[ th<? 
luediaii eyes. 'Diese observers Hometinies directly contradict them- 
selves, or elee their accounts are rendered quite incomprehensible b]r 
paucity of description or of figures, [See IIraueb's recent work.] 

We muit. Mare leaving this aubject, gii-e ■ lirief ■ccuunt of Pattki'ii 

desoription of ths origin of tlie bruin mid eyes, which diffore cncutialljr 
from th&t given hy other uuthora. Patten nssumee tliat the cephalic lubes in 
Scorpio conaiit of three segmeiits {^. the structure of the braiu iu the Iiuecta). 
Each of these three scgmcDtB boais two pairs at eyes, a pair of optio giuiglia, 
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lobe* of BuOhu onhiifiiaHj, ihowlnji Uh fonuatldn of lbs faniu ud tbi iiifdiin vjm. t 
anil F, ptuw oT Uw captaallo lobn of tht mam Bcunilm si ilHTrntit tUnrf (J, aflar Laiim>, 
B-r. tllat PATtn). I, ophilic pit ; >.-<„,. Ih« miuc !u tfav Ihmi HgniBBts ol Oh etflMtr 
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and a wgrnant of the brain (Fig. 12 £ and F). In each MgmenI two rc^ona 
CAD be distinguiihed, a central, cerebral portion and an eitemal optic raglm, 
IliU again being dimible into an inner portion pclding th« optic Kanglia, and 
■n Mtcmal r«gi«n vrbich yields the eyes ("optic plates"). Tliese regions are 
thriM r«pcat«i from before Iiackifard (Fig. 12 S). Whereas other anthon 
obwrTMl only the two wmicltenbr depressions of the cephalic lobot, fxTTEX 
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describes three pnira uf dspresaiont, one in vach segment ; tlie aae in the miildle 
must be identical vith tlie cephalic pita of other authors, iti truiBfonjiation hua 
slready bwn descrilwd (pp. 12-lB), Thtae middle pilt give rise timiiitajuotialy 
lo (^ median fi/et and llu optic gaagliii, Ihe latter sinking in with theni 
(Fig. 12 E). The /ormalSou of the opl.ie nerve U thus easy to txplnin (Pig. IS 
C Bnd J?). The optic ^nglia are connected with the cranial part, which hu 
meanwiiile also sliifted iiiwai'da. 

Thfl first segment has no eyes, but the third carries the lateral eyes ; these, 
however, are not inraginated. We cannot h'ere rollovr Pattbn's account further, 
aa his ooDclusious do not seem aufliciently lupporteil, and his statements are too 
fragmentary. It is also impossible to decide as to the value of Pattbk'h 
statement!, which, ta the title of his treatise (No. ST) shows, were made with 
another object ; indeed, his tiietbod of iiescri[ition often makes it impossible for 
us lo obtain even a slij-lit idea of llic foiniHtive processes observed by him. 

B. The Long-BacB. 

The lung-saca arise, as hns already been mentioned (p. 11), as 
ilepressiona on the posterior aides of tbe last (our abdominnl limlis 
^MsTsoHsiKOFF, Laurie, Fig. 8, p. 11). These depressions am at 
tirst shallow, but then grow deeper and spread forwards, extending 
in front of their narrow apertures, which correspond to the future 
stigmata (Fig. 9 C, st). The sacs project into a vascular mesodermal 
wivity (KowALEVSKV and Schulgin, Laorie). 

The assumption of the adult form by the lung-saca takes jjlace in 
the )at«st embryonic stages ; it commences by the occurrence of 
depressions in their inuer walls. These lead to the forniatiou of 
folds which grow out further and further into the cavity of the aae 
i(i.e. posteriorly). Other folds form, aud tbe lamellate structure of 
the sacs thus gradually arises (Laurie). The wall of the embryonic 
Inng-eac consists of a cylindrical epithelium (hypodermis), which 
secretes a fine cuticle on the surface turned towards the cavity of 
the sac (Wetbchsikoff).* 

We shall deal further with the development of the Inng-ascs and their 
morphological rclatinns when we come to treat of the respiratory organs of the 
Araneac [p. 76). 

G, The Intestinal Oanal. 

The onteron develops somewhat difFcrently in the different regions 
of the body. While the entoderm is represented by a single layer of 
cells wherever it surrounds the yolk, in tbe jwst-abdomen it tirst 
appears as a solid cell-mass (Fig. 13). In the post-abdomen, the 

• [lAUBIE (App. 
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enteron first develops fully, arising from this cell-mass in the form of 
a tube which, like this body-region itself, is at present neither thick 
nor long. The gut continues to develop from this region, the 
epithelium dififerentiating first on the ventral surface, and gradually 
extending dorsally. The whole of the yolk was surrounded by 
entoderm at an earlier stage, but it appears that the cells of the 
entoderm resemble those we have alreadv met with in the Crustacea 
(Vol. ii., p. 129). They are greatly swollen and are of a cylindrical 
shape, so that they do not yet resemble the future intestinal 
epithelium ; they are chiefly occupied in the assimilation of the 
yolk. This provisional epithelium gradually changes into the 
definite intestinal epithelium from behind forward, first developing 
veutrally, and then extending towards the dorsal side. The hepatic 
caeca, which at first contain abundant masses of food-yolk, form as 
outgrowths of the provisional epithelium, perhaps also caused by 
the inward pressure of the folds of the splanchnic layer of the 
mesoderm, as in the Araneao (p. 82). It appears as if the hepatic 
tubes were segmentally arranged. By further extension and rami- 
fication, the liver attains its definite form. 

It seems probable tliat the above description of the development of the 
enteron is correct, since Lauuie, aa well as Kowalevsky and Schulgin, speak 
of a somewhat early and complete circumcrescence of the yolk by the eDtodenn. 
We have not, however, succeeded in obtaining a perfectly clear idea of these 
proc'esses from the works of these observers. They might l)e understood to 
imply that the circunurescence Just mentioned is only complete at some parts, 
e.g. anteriorly, where the germ-band grows round the jwlo of the egg, and 
csiKHjially jwsteriorly, and that the circumcrescence of the yolk by the entoderm 
only takes place from beliiud (progressing ventro-dorsally), the entoderm soon 
developing into the definitive intestinal epithelium. This method of origin of 
the inteiitine would soiiuwhat resemble that in the Araneae, where the epithelium 
of i\\v. enteron grows round tlie yolk-mass, which is directly l)ounded by mesoderm 
(p. 82). We are not, however, able to obtain this idea from the treatises under 
review, and there would even then bo considerable difference between this 
process and that in the Araneae, since, in the latter, the first rudiment of the 
enteron is said to form from an accunmlation of yolk-cells. 

The two long, tubular intestinal appendages which until now have 
been called Malpighian vessels^ and thus regarded as homologous with 
the synonymous organs of the Insects and Myrioj)oda, arise in the 
last segment of the pre-abdomen as outgrowths of the enteron 
(Laurie). The two outgrowths form comparatively far forward on 
the enteron at a time when the proctodaeal invagination has not yet 
appeared. When this arises, the Malpighian vessels are seen opening 
into the intestine in the pre-abdomen ; their point of origin is thus 



far reiiiovei] from the proctodaemu. This is not the case iu the 
Araneae, in which the so-called Malpighian vessels arise close to 
the point where the enteron and tlia proctuilaeum unite. In the 
Scorpiones also the large section of the intestine l;ing behind the 
point wliere the Alalpighian tubes enter it has been regarded as 
the proctodaeum, i.e., looked upon as of ectwlermal origin. If 
I^UUIe's observations should prove correct, this section, or at any 
rate the greater part of it, must be considered as entodermal, and 
the proctodaeum proper would then also be very short in the adult : 
a decided shifting of the Malpighian vessek must then have taken 
place. 

Althongh KowAtEVsKV and SoHCLois .lo not mention tha origin of the 
Ualpigliian tubes, their Btsteinenti u to tlie origin of the enteron ud the 
proctodBiutn agree with Ladhib's rieiv. According to them, tlic tutinUr 
posterior part of the enteron grow* through tlie whole of tha post-alidonien to 
the penultiniBte wgmcnt, where it joini a short proctodaeum. But for this 
■t*t«tBcnt, wo might bo uiclined to suppose that the portion of tlie inl<!stine 
lying in tlie poet- abdomen n-w of ectodermal origin, and to asaume that the 
proctodaeum ran very far forward, especially as the pi'ocloilaeum in the Araneoe 
ia very long. Such un aBSumptton, however, is inconijiatiblo with the dei>ari|t- 
tions of Laitrib and of Kowalevskt and Schvloin. Wo must therefore 
regard the so-vatled MalpighUn luliea of the Scorpiones as entodemial, although 
we must point out tlie clesirabiUty of fnrther research in connection with this 
imporUat point. The Malpighiaii veaaela of the Uyriopoda and the Insects 
•rise undoubtedly from the ectoderm, i.e., they are apiwndagoa of the [itocto. 
daeam. In a few CnisUces, on the other hHiid (c.?., the Amphipoda), tubular 
appendages are found at the posterior part of the cul«ron, which are probably 
excretory, and resemble the Maljiighiau veaeela in structure. 

The stomodaeum arises as an invagination between the cephalic 
lobes (Figs, 6 and 13 1}}. The proctodaeal invagination which, 
according to Laorib, appears at a very late stage, seems to be shifted 
towards the penultimate segment; this corresponds to the position of 
the anus in the adult The two ectodermal or<;ans, the stomodoeum 
and Ibe proctodaeum, only unite with the enteron ut a later jieriod. 
Indeed, the intestine develojiH so lata that, whtn tlie embryo is ready 
for birth, its cells have not yet attained tlie regular epithelial arrange- 
ment of the anterior part of the enteron, btit some of them still 
extend in between the masses of yolk. The oclU are not distinctly 
marked off internally, and the lumen is not yet formed. This 
incomplete development of the intes-tine, and the presence of a 
quantity of yolk within it, render it highly probable that the young 
Scorpion does not begin to feed for some time after birth. The 
mother is known to take care of the brood also after birth, carrying 
the young about on her back for some time. 
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D. The He80d«riiial DeiiTa-tivea. 

Our information oa to the origin of llic mesodermal structures is 

' very elight; but frotii wliat is known of the diETt^rentiation of thft 

meBoderra-banJa, it uppeara to Ijo very primitive. The two mesoderm- 

baudd break up into a number of somite?, corresponding to tUe 

segmentation of the body, these somiles developing from before 




s. II.— atfilltal sKllani Ihrounh Ihc cnibijD of 
[Iw doiMl cnmitiin ol tbv ^mi-laiKl. A, 



fHiA, jKHt^bdomsn ; pnf, imHiAlpr 



civltr or U» priinlUvn 



backward (Fig. 13, h and mee), those of the post-abdomen Iwing tb* 
hiat to form. A wellilcveloped pnir of these primitive mcsodenuftl 
MKinents occunt in the (primary) cephalic region (Fig. 13 A). At 
finl the primitive aegiuents lie at a little diataiice from the ventral 
middle liue (Fi^. 3 li), hut they grow in towards it lat<| 
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Tlieir extension towards the dorsal eurface ie, however, specially 
noticeable. While thia dorsal extension is lesa marked in the 
unteTJoi segments, it is very striking in the abdomen, where the 
primitive segments soon grow bejoiid the area of the germ-lwnd 
towards the dorsal eide. Tliis is well marked in the posterior 
region in Fig. 7 B, though these segraenta are shown somewhat too 
distinct. As the anterior segments undergo the same process, the 
wholo of the mesoderm, pressing forward between the ectoderm and 
the entoderm, extends dorsally. The outer wall of the primitive 
aegnients (the somatic layer), is now thicker, being composed of 
several layers of cells, while the inner wall (the splanchnic layer) 
consists of a single layer of cells, The pair of primitive segments 
in the cephalic region has specially thin walls, the lumen also being 
comparatively small (Laurie). 

The extension of the mesoderm dorsally ia not caused by the 
mere enlargement of the primitive segments with their cavities, but 
this extension prepresses in such a way that, dorsally, where the 
eomalic and splanchnic layers unite, the common rudiment continues 
to grow upwards as a single layer of cells (Kowalevskt and Schuloin), 
This more dorsal portion of the mesoderm does not split up until 
later, when there is formed in each segment another pair of 
segmental cavities, the walls of which now meet in the dorsal middle 
line (Laurie). We thus find that the differentiation of the meso- 
derm in the Scorpiones is very primitive, and strongly rcfalls the 
similar process in the Annelida. A similar condition is also found 
in the Araneae. IScfore the develo])ment of the primitive segments 
has advanced thus far, the rudiment of the heart is said to appear. 

£. Blood-T&scolar Syatem and Coelom. 
The heart, according to Kowalevskt and ScauLaiN, develops from 
the paired layer mentioned above as proceeding from the dorsal union 
of the somatic and splanchnic mesoderm. These grow on either 
side towards the dorsal middle line, where they unite. At the same 
time they seem to bend upwards, each forming half of a tube open 
towards the entoderm, which extends from the head to the tail of 
the embryo. When this half tube closes on its lower side, the 
formation of the dorsal vessel is practically completed. The anterior 
part of it, which lies in the ccpholo- thorax, and the most post«rior 
part no doubt yield tlie anterior and posterior aortoe. 

In thn usvity uf tlie hcnrt thrro are msny isoUtad cclla whEch became 
ilctaclied from the priniitiTc negmvuts Wfore thoj extended dorsally. Tlieu; 
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cells yield the blood-corpuscles. A similar process has been observed in the 
formation of the heart of the Araneae (see Figs. 45-47, pp. 86-89). 

The description of the origin of the heart given by Kowalevsky and 
ScHULGiN is not altogether easy to reconcile with that given by Lau&ib. The 
statements of the former seemed so definite that we felt obliged to follow them ; 
but, on the other hand, the observations of Laurie agree better with the 
processes which take place in the Araneae. It is, in fact, impossible to obtain 
a clear idea of the whole process from the works under consideration. According 
to Laurie, it apjwars as if the dorsal jwtrt of the mesoderm had already split 
when the formation of the heart begins, in which case this organ would 
develop as in the Araneae. We are, moreover, disposed to regard the process 
as resembling that in the Annelida, and to imagine a delamination of the 
mesoderm to form the heart ; this organ, however, is thought to arise somewliat 
differently in the Araneae (p. 88). 

Kowalevsky and Schuloin distinguish an endothelium and a muscle-layer 
in the heart, both arising from the mesoderm. During the differentiation of 
these layers, the ostia api>ear in the wall of the heart. The alary muscles 
form from the mesoderm, and a layer of mesoderm -cells apjiears around but 
at a little distance from the heart, forming a continuous enveloi^e to it ; this 
is the pericanlium. 

The coelom of the Scorpiones, up to the time when the heart 
forms, closely resembles that of the Annelida. It consists at first 
of sei>arate divisions formed in the primitive segments. The anterior 
and posterior walls (dissepiments) of the latter are broken through, 
but the cavities themselves are retained for a time, and are lined 
by the coelomic epithelium ; they thus represent a true coelom. 
At the time when outgrowths of the splanchnic layer extend in 
between the lobes of the liver, this is, according to Laurie, still 
the case. These cavities then become filled with cells, which 
doubtless arise daring the disintegration of the wall of the primitive 
segments. The somatic layer undergoes further differentiation, the 
body-musculature forming out of it. The coelom will be further 
descril>ed in connection with the development of the Araneae, in 
which it is Ixitter known than in other Arachnids. 

F. The Oozal Glands. 

A complicated coiled gland is found on each side of the cephalo- 
thorax in the Scorpiones, oixjning, in the young, on the base of the 
third ambulatory limb (Fig. 14, A). At its earliest stage, this gland 
is described by Laurie as a simple, straight tube, which runs forward 
from its aperture at the base of the third ambulatory limb in the 
somatic layer of the mesoderm, and communicates with the coelom 
throwjh a /ujinel-shaj^ed aperture. The tube becomes closely coiled 
later, finally forming the glandular mass which is found in the adult. 
The external aperture was still evident in the young when ready for 
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birth. This latter point was confirmed by Kowalevsky and Schuix)1k, 
who observed the gland both in ita earlier slightly coiled stage and 
in ita later more comiacl condition. [See Biuueb, No. II.] 

The stnKiCnre and position of tho coxsl glands in the youngest knonn slagt' 
rpuder it highly prohililo th«t they ai* fonned from tlie BoniaLio meaoderm. 
The; are assumed lo lie nephridia, a vkvi whicli seems very probable. Considering 
the primitive chnractcr 

of the coelom in the XJ 

Scorpionea, we should , '-^ • 

expect the nephridia to 
open into the body- 
cafity throngli funnels, 
and this is sctually the 

farther devolopment of 

of the gtand must de- 
I<end essentially nn the 
aodincationa undergone 
by the body-cavity, but 
this point is somewhat 
More thorough 
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reiinired before it can Iw 
staled nith certninty 
whether, as In Periptitna 
and the Crustacea, a part 
of the hody-cavity forms 
a cnpaule for the forma- 
tion of the terminal sac 
of the gland, or u-liether 
tlie month of the funnel 
is retained for a consider- 
able time iu u wide 
seoondsry body -cavity. 
The most recent writ«r 
on this anbject, SiTIuiNv 
(No. H) WAS not able 
Iu prove that the coxal ]>i, j>, 
glaniia tu the Arachnida f- "1"' 
oficned into the body- 
cnvi^, and he inclines to believe 
as is found in the CnisUcea, but h 

O, The Genital Organs. 

The outc^eny of the genitul organs has as yet been little inresti- 
gatcd. They were firat obacrved by Laubib at a lat* stage of 
development shortly before liirth, in the first abdominnl segment 
[second, BhaDeb], ns tubular structures at first unconnected with 
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the exterior (Fig, U Tf). KowALEvaicr and Sohdlgis, who also 
noticed thein, referred them, though with eome hesitation, to the 
splanchnic layer of the raesoderm. Laurie's account would rather 
tend to show that they arise from the somatiu layer, as do tlie coxnl 
glands of the Scorpioiiea and the nephridia of the Annelida (Vol. i.. 
Fig. 137, p. 297). The nepbridial character of the efferent genital 
ducts seeniB to he contirmod by the fact that they open into the body- 
cavity in the form of a wide funnel (Kowai.kvskv and ScuvutM 
[Bhavbh]). L.\rRlE also believes that at least in part they ate 
nephridial in origin. The ends of the canals which are directet] 
outwards long remain closed, a fact which we do not regai\I aa 
dieproving the nephridial character of the efferent ducte, since even 
the Annelidan nephridia develop in a similar way. 

From LAi'tUB't- <leacH]>tion we niiKlit imaKiae tU>L the inesodemul eftereni 
(iuoti Iwcuuie direcll}- connoted with the ectodenn at tlic (winta where the 
remaiuB of tlie first piir of ab<loiiiin>l Umbs Ub iu the form uf cotoderinal 
thickeningi (Pig. 11 B, g.op), ia a the case, according to Bbiioh, with tlie 
nephridia of the Annelida. Kowalevsuv and 3cHruiiH, Xxovetet, apeak of rui 
Mtodernial invagination, towarJa which the mesodermHl effcront duel growi, so 
at to unite with it. Tliis invaf^nntion, aa far as can be made out from their 
etiart account, ia ■mall, and it a]>[ieara very posaibli^ that sach au eetodemkl 
invagination miglit ariiir at the tliickcniug which indicates the positiou of the 
abdominal limbs. An ectudi'mial termination has also repeatedly been ataumed 
for the nephridia and the genital efferent dncts of the Annelida. It is, however, 
iiighly prububla that the ehort nuimired portion it derived from a depmaioo of 
the ecindemi. In the Pcdipalpi tliis uni>aired WRnicnt ia much larger, and 
beoomoe a large cavity (Ko. 31). 

The gmital glands arise, acfording la Kowale\'«kv and ScuiMtK, at cell- 
thiokvuinge "ajitxiBed Xa the inner tube." This can only be uudentood to moui 
that a part of the jieritoneuni [i.t., of tlie secondary body-cavity) is ooncemed 
in the famution of the genital organs ; on this point, however, as well w on 
the diOercntiation of the meeudennal strautures, we await further particulars.* 

n. Fedipalpit 

Aocording to Dih'ck, who has ntiulu ■ few ataleiuenlx as to the ontogBoy of 
fArynu, the eiubrj-o here, u in the Seorpionei, hag an embryonic envetepe. 
We may indeed make the general assumption that the ooiuve of development in 
til* Pedipalpi resembles that in the Scorpiones. Bkvcb points out aa speoially 
renitrkalile the cxiateDce of a aeusory organ at the base of the seroiii] ambulatMy 
limb, oonsiating of columnar cells prolonged externally into fiUnients. 

The Pcdipalpi are very closely related to the Seorpionea, anil, ltk« 
the latter, show in their organisation many points of agreement with 

• [See fooioot*. (i. 8.— Eu,] 

t [The Pedipalpi are ovi|j«rou> ; the egga are carried in a geUtinont mc 
attoohed to the ventral surface of the motlirr. For chief ontogenetic faatare* 
*ea App. Lit. Pedipalpi, Kos. I. -III., noting [iresence of rmtmioii at germ-butd* 
and uuaninioaa conoluiiou that Pedipalpi are more nearly rdal«d to Uie Arvntaa 
than to the Scorptoncs,— En.] 
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Limulua (RAV-LiKSEaTKB, BflncE). Our knowledge of the ontogeny 
of the Pedipalpi is unfortunately very incomplete, and this may also 
be said of Koenenia mirabilu, a form discovered by Grassi (under 
stonea in the plains of Catania), which shows great resemblance to 
the Pedipalpi, but has been placed by him in a separate order, the 
Microtelyphonidae, the Palpigradi of Thobell.* This form is said 
to have no special respiratory organs, and Grabhi therefore e 
it a transitionary form between the Gigantostraca and the Arachnids, 
which haa "already lost the gills, but has not yet developed respira- 
tory organs suited to a terrestial existence "! We can hardly imagine 




■nil thvpgjf'IntfguT 



auch ft transition, and would rather regfird the absence of respiratory 
organs, if it actually occurs, as a degeneration, such as is met with 
in other air-inhabiting Arthrnpoda in teases where the body is dis- 
tinguished from related forms by its specially small size (e.ij., in a 
few Mites, among the ArachuiJa, aiiiJ in Pauroims aniony the 
Myriopoda). 

IIL Paeudoscorpiones. 

Tlie little that is as yet knowu oC thv ontoiteny or tlic PBeiidosoorpianeB (iocs 

not Kcro aullifiently well fatablislieil t<i enable ua to foroi a deciaive juilgniciit 

witb regknl to the citroardinary ilevdopiuent or th««c rornia. Mbtscbkikoff's 

S (At-|.. 
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statements as to the development of Chelifcr up to the time of the formation of 
the blastoderm are, indeed, confirmed by Stecker with regard to OUhonius^ 
but the description of the latter author is not calculated to inspire confidence. 
A more recent treatise by J. Barrois * on the ontogeny of Chelifcr is too sliort 
to supply many further details. 

The eggs of Chelifer and of Chthonius are spherical and crowded 
with yolk-spherules. Each is surrounded by a vitelline membrane, 
and again ])y a second envelope probably secreted by the oviduct. 
These eggs are carried by the mother on the ventral surface of the 
abdomen, where they pass through their development The cleavage 
is at first complete, the egg dividing up into two, four, and eight 
equal blastomeres (Fig. \b A), In the latter stage, t.e., when the 
egg is divided up into eight spheres, clear protoplasmic segments 
are said to appear on tlie surface of the yolk-laden spheres. The 
number of tliese clear cells soon greatly increases, until they form a 
layer surrounding a central mass of yolk (Fig. 15 ^); this layer may 
be regarded as the blastoderm. The large yolk-segments with their 
nuclei can still be clearly seen within the egg.t 

The whole procoss must, no doubt, be tlms explained : The few nuclei which 
enabled tlie.yolk to break up into segments, by division, send off nuclei to the 
peripher}', the nuclei, which remain within corresponding to the yolk-nuclei of 
other Arthropod eggs. In the fact that the yolk itself remains segmented these 
forms are ])eculiar. 

As the segmentation of the yolk gradually disappears, the blasto- 
derm divides into an outer and an inner layer of cells (Metschnikoff, 
Fig. 15 C). About this time, large clear bodies ai)pear between the 
blastoderm and the egg - integument ; these contain structures 
resembling nuclei, and therefore resemble cells (Fig. 15 C), 
Metschnikoff was reminded by them of an embryonic envelope, but 
could not convince himself that such a covering was actually present, 
and regurdeil these structures as disintegrated masses of albumen, a 
view also taken by Stecker. These cells recall those found beneath 
the cuticular envelopes in the Mites (Clapar^de's haemamoebae, 
Fig. 53, p. 99). 

• We have not heard of any more detaikMl work on this subject by Baruois ; 
Steckku's preliminary notice also seetns not to have been followed by any 
lar^'er treatise. [See Hakrois (App. to Lit. un Pseudoscorpioues, No. I.). — El>.] 

t [Bahkois (App. to Lit. on IVeudoscorpioncs, No. L) has recently very fully 
investij^ated tbe development of Chelifcr; lie finds that segmentation may l>e 
either totJil or partial, the latter condition predominating and resulting in a core 
of yolk with iK-ripliiTal cells, some large, wlii».li form the blast<viemi, others very 
small, wliich lK*eome appliinl to the vitelline im nibrane. A deep median ventral 
l«»ngitu<linal groove api>ears, from the walls of which mescMlerm-cells are pro- 
liferated otf. Origin of the entoderm obscure, nuclei api>ear in the yolk.— En.] 



The further clifforentiation of the embryo is cliaracteriseii by tlie 
eurly and pronounced development of the future anterior end of tbe 
biidyi this appears aa a great accumulalion of cells belonging to 
the inner layer of the blastoderm. A paii* of marked ewellings 
appear on either aide of this region, and from eoeli of these a large 
truncated appendage soon atigcs (Fig. 16 A). These processes ore 
the rudiments of the pedijinlpa which are here, as in Scorpio, the 
first limbs to appear. They are still in a very primitive condition, 
the inner jolk-mass extending far into them (Fig. 16 A and B). In 
front of the limbs, towards the ventral surface, there is a swelling 
which, even at this early stage, is distinguished by its strong muscu- 
lature, and CDnsequenlly has a striped appearance (Figs. 10 ^ and B, 
r, 17 A). This ia the rudiment of a provisional organ — a kind of 
aueking proboscis (Fig. IC C) which s&rvca for attachment and for 
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Uw toiir liinbt ; pd, pslipili™ ; r, proboHCi* (pravlrilonBl krml orgiii). 

taking in food. The embryo leaves the egg at this atage, having 
previously undergone a larval ecdysis, A fine cuticle, which 
occupies a peculiar position between the bases of the two limbs, 
liecomes detached from the embryo. The larvo, when hatched, at 
the youngest stage shown in Fig. 16 A, has tlie muscular proboscis, 
the truncated pedijialps, and the rudiment of the abdomen directed 
forward. The proboscis, which ia regarded as n modified upper lip, 
already seems to function aa a sucker, for the larva attaches itself by 
nieAns of this organ to the ventral surface of the motlier. The 
proboscis lengthens considerably at a later stage, and becomes applied 
to the ventral surface of the larva, lying between the liml» (Fig. 16 
B). Barroio has described a provisional oral aperture situated 
between the pediimlps. There are nlao, according to Barrois, 
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I chitiuou!) structures in the pmboscia. There is no mention of i 
Rifixletnal aperture to the proboscis; Mitscbicikoff could not find one, 
I although lie assumes that the larva obtains its nourishment Vy 
r Bucking the blooil of tlie mother. Soon after becoming attached to 
I the body of the motlier, it swells considerably, and becomes filled 
[ with a clear fluid (?/. Fig. I" A and B). If this fluid comes from 
I outside, we must certainly assume that nn intestinnl epithelium 1 
r already developed round the inner yolk-nuiss, although no : 
I difTerentiation has been recognised. 
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pnfvlahiiuil jipp«tiUig«fl ; tn.i, uul InraalDi 
]ic<Iii*1|Bi brtwnD th* iMl twa<iJisua f-I) tbn appnrlJp li Tliil 
|«lpa ant hcb. In A th> mdlincnt, ID P Uia liuit, ind In C tlw Id 
Id II tb* mllntnt of th* aenphifeal giDcUoD nn ba ni»Kiil>ed, lying domUy lo lb* 
pralmvli. Tha pe>]l|ialp* (re rollowed poatcriorly by Ih* Cour luabi, anrl, In S, by <te 
ru-IliutDtary aMaoiUiil ippimdigii. C rrrmvnu Uia l>tv> jut unilrrgotng aedjali, 
Tbr Un-al liit*«BDHinl la partly looMDHl (uoUcHbly oil the ventnU lids) ; tts imulna of tiM 
proboacla ara alUebRl to It. 

The Ut«r stages (Figs. 16 and 17 It) differ from the youngMt 
larvae (Fig. 16 A) in external form chiefly in the eivollen □aIur' 
of the dorsal region, brought about by the presence of the clear 
fluid mcniioneil above. Other modifi cations have also taken place, 
the rudiments of the first pair of limbs having budded out behind 
the pedijwlp^ and these ore followed by the three utiier f^l* 
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(Fig. 17 /J)- *.tn the abdomen, which is bent veiitrally, four pairs 
of limb-ruilimeuta appear (Fig. 17 B), which, liowever, booh com- 
pletely degenerate. The Pseuiloeeurpiimes agree in this respect with 
other Arachnids. The most anterior pair of limba is atUl wanting, 
but a paired thickening is found doraally, above the base of the 
proboscis ; this has apparently arisen from an invaginatioD, and is the 
rudiment of the eupro-nesophngeol ganglion (Fig. 16 D, g). This 
recalls the cephalic pits of the Scorpiones and Araneae (pp. 13, 53). 

The larva continues to approach the adult in form, segmentation 
appearing both in the limbs and in the abdomen, but the cephalo- 
thorax remains unsegmentcd. The cheliccroc have, in the meantime, 
appeared in front of the pedi palps. The true upper lip arises 
between them, some way from and altogether independent of the 
larval proboscis (Fig. 17 C). The proboscis degenerates, the last 
vestige of it being lost when the larva moults, at the stagu depicted 
in Fig. 17 C^. It is then still found attached by a delicate thread 
to a point behind the future mouth, until it is cast off with the 
larval integument (Rarhois). A large mass of yolk can still be 
seen within the body, enclosed in the enteron, which opens exter- 
nally through the proctodaeum at the gtosterlor end of the body 
(Fig. 17 0, an.i). The oesophagus is probably also formed by an 
ectodermal invagination (Metbchsikoff), 

0«neral Coaeiderations, The ontogeny of the Pseudoscorpiones 
is remarkable on account of the embryo leaving the egg-menibraue 
with a much simpler structure and at a much earlier stage than in 
other Arachnida. Further, the larvae, in their half parasitic life 
on the body of the mother, have developed a provisional sucking 
organ which at first lies in front of the first pair of limbs, but 
shifts bock later, in consequence of processes of growth, on to the 
ventral surface (Figs. 16 and 17); this organ, however, cannot be 
compared to a pair of lim)». No homologue has so far been 
discovered among the Arachnida for this proboscis, which must 
therefore be regarded as an organ acqaired by the I'seudoscorpionea 
through their [leculiar method of development. 

The difference betKwn tlie oulogeuy of the Paou'ioioorpioues mid that of the 
Soorpionea, to which they are perbKps most nearly related, is very striking. 
The cleavsj^, Ilie rormation of the blutodcr-iu, uiil the firat nidinient of the 
enibryo in tlie two forms cau hardly 1» compai'ed. They alio differ ia inipor- 
taal )K)ints of their organ isatioii. The absence of the tail-like ahdonieD, the 
<lua[ii>catance of the abdotniual gatif^lia (CtioKGHERo}, the position of the genital 
AperCiirBs (in the second alidoininal segment), and, nat least, their tracheal 
respiration, remove the Chcnutidae from the true Scorpiones so far that the 
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variations in their method of development appear comparatively nniniportant. 
Attempts have been made to connect the Pseudoscorpiones with other divisions 
of the Arachnida, especially with the Opiliones, but these have not been 
sufficiently based on the organisation of the two groups. We must therefore, 
according to a recent investigator of the anatomy of the Chemetidae 
(Ckonebeko), leave the systematic position of the Pseudoscorpiones undecided, 
since their ontogeny, so far as it is yet known, throws no light upon the subject. 

IV. Opiliones. 

The spherical eggs of the Opiliones are surrounded by two 
membranes. The inner membrane is secreted by the egg, the outer 
by the epithelium of the genital duct; they represent the vitelline 
membrane and the chorion. The eggs, glued together so as to form 
a large ball, are deposited in a hole in the ground (Henkino). The 
first ontogenetic processes have been closely studied in Opilio and 
Leiohunmnj by Henkino, but we are unable to accept his view of 
the origin of the cleavage-nuclei through free nuclear formation, 
since it contradicts what is known of other Arthropoda.* Accord- 
ing to Faussek, the egg of Phalaiujium divides up into a number 
of large spherical cells filled with yolk-spherules, each cell contain- 
ing a central nucleus. Cleavage is therefore total. These cells might 
be compared to the yolk-pyramids in the eggs of the Araneae, but, in 
the subsequent processes, these cells in the Opiliones seem to differ 
from those structures. A cleavage-cavity does not appear. The 
formation of the blastoderm occurs by the separation and more rapid 
division of some of the peripheral cells. Not all the cells, indeed, 
not evtn the majority of them, rise to the surface to form the 
blastoilerm, a large proportion of them remain within the egg as 
yolkcclls (Henkino, Faussek). The formation of the blastoderm 
takes place more rapidly in one half of the egg than in the other, 
a condition similar to that observed in the Araneae. 

Active increase in number of tlie blastomeres in one region of the 
blastoderm leads to the formation of a thickening in it; this is 
the genn-disc. According to Faussek, immigration of cells into the 
yolk-mass from the disc does not take place ; the entoderm being 
possibly represented by the cells which remain in the yolk, and 
from them, at a later stage, the epithelium of the enteron arises. 

The origin of the entoderm from cells which, from the first, remain behind in 
the yolk, has been assumed for the Araneae (ScHiMKEWiTsrH), but the fomia- 
tioii of tlio germ-layers in the Oi)ilioues has not yet been observed sufficiently 

• [Most cytologists do not believe in the existence of the pi-ocess termed 
free nuclear formation ; all UKMlern research tends to prove that every nucleus 
has originated directly from a pre-ezidting one. — En.J 
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clusely for us lo decide whetlier tljis is also t)ie case in Ihem. Faussek fiiiiiid 
in embryos in which the segmentation of the gtnn-biind is comniencing. an 
Kucainulnbion of cells at the posterior end of tlie tHind, which strongly leaombles 
the point of ingrowth in UiB germ-lmnd of lUe Scoriiiones. The atutemeots 
hitherto made u to tlte nature ot this atmcture are, however, so contra dintory 
that it is imposaihle to gain any clear idea of it. FArssKK derives these cells, 
which appear like a thickening of the tilaitoderm, from a deposit of yolk-cells 
on the blastoderm. At first he derived tbc genital gUuda from thin degiosit, 
i.e., from yolk-cclls, Imt he afterwardi traced them to a thiokpuing of the 
blastoderm which appeared at a very early etage. A more eiact acoount of 
the partly contradictory statements on this subject may be expected in 
FArssEK's larger work [Ap]>, to Lit. on Opiliones, Koa. III. and IV.] 

The mesoderm, so fnr ns wo can gathtr from tlie few statement* 
on the Bubject, splits into a somatic and n splanchnic layer, so that 
in this respect also there is resemblance with the Scorpionea and the 
Amiieae. 

The enteron seems to form as in the Araneae, apart from the origin 
of the entoderm, which arises differently according to Faussbk. The 
yolk is directly surroniuleil by the splanchnic layer ot the mesoderm, 
and the yolk-cells now become applied to this layer, eventually 
giving rise to the continuous epithelium of the enteron. This 
process commences in the anterior part ot the body. 

We have only a few isolated statements as to the further develojv 
ment of the Opiliones. Msthchnikofp (No, 34, p. 520) traces the 
origin of tlie abdominal limbs, and Bai.biani describes a tew of the 
lat«r ontogenetic stages. It appears that the cephalo- thoracic seg- 
ments to which the four pairs ot limbs belong me distinctly marked 
oS from one another in the embryo, but this segmentation disappears 
45uring the further course of development, and is not recognisable in 
the adult. Between the eyes and the bases of the chelicerae lies an 
unpaired, sjnne-like structure, which, like similar structures in llie 
Araneae, and especially iu the Myriopoda (Chilognatha), we shall call 
the egij'tootk (p. 58, and cf. the chapter on the Myriopoda). 

The little that is known of the ontogeny of the Opiliones is in 
liarmoiiy with that ot the Arachnida generally. An important 
feature which is still recognisable in the adult, seems, according to 
Balbiaki, to !« very marked in the emfcrj'o. This is the occurrence 
of masticatory ridges on the pedipalps and on the two anterior pairs 
of limbs. Herein we find a striking resemblance to the Scorpiones. 
The Opiliones further rosomblo other Arachnida in the number 
ancl position of the limbs, and in the presence ot a coxal gland 
(MacLeod), homologous with the synonymous organ in other Arach- 
nids, Whereas, however, in other groupe, this gland is merely 
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provtaiouiil, and degBnerates in the adult (Scorpiones, Arniiea^), ia 
the Opiliones it is a well-developed organ, still functional in th» 
adult, and conaiBtin}; of a large coiled canal, a wide, sac-like resets 
roir, and an efferent duct ; the latter opening externally at the base 
of the tliird ambulatory lim1i (Losian, No. 9).* 

V. BolifaBae.f 

Uf the oiitogeii; of the Soli/ugae, like that of all the Arachnidk 
already considered, ea far as we are aware, very little is known. The 
little that we do know is in connection with Qaieodes araneotdes, 
iwnie of the lnt«r ontogenetic stages of which have been described 
by Cbonebkro.J 

B. 




Tlio first embryo discovered bj Cronbdeug was already in an 
advanced stage, not far from hatching. In Fig. 18, .1, it is seen to 
be very like the embryo of an Araneid. As in the latt«r, the 
spherical abdomen, probably well (tiled with yolk, foruia the cfaiof 

• [LeuedikhKv (A[ip. to Lit. on Ojnlioncs. No. V.) doscrib™ tlii« Kknd ift 
Fhalaiigiunt opilio an Brining «tittre1y troJU the nif«odcnu, tha ectoderm o^ 
ihkriug in tko rormntiou ot the esternfti Bpcrtum. Ho expresses hii bdief that 
lb* ouxal etuida of AracbnicU. the aDteiinaE, shell, ind coial glands of CruatMM 
•nil l,ivuUH$, we all oephridia and thoroughly bomodynamic, bat perhapa net 
thorougbly lioniologoiu, «omc beiug derived from the primar; and othen from tlw 
sxmndary eoelora. See also. F*c«bk (App. to Lit on Opilionus, No. IV).— En.J 

t [See Brrnakd, Api). to Lit. on Solifnne. No. L] 

* rBiKUiA (Anp. to Lit on SolifDgae, Iio. II.} Ilndi that the ova of Oaltalm 
develop within the cavities of the ovariei : thei'e are do embryonic membisMf ; 
till' Ihoraeio and abdominal icginenta arc visible before the appendaget. A 
flexure- reveml ocoura as in the Araneae. Hl'tidn atatet that the Soliftigie an 
oripannu. "- ' 
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part of the Wly. The broad and flattened eephalo-thotax aeema 
closely pressed agninat the rentrsl eurfaco of the abdomen. The 
ludimeuts of the limbs are seen on the cephalo- thorax ; the chelicerae 
are bent towards tlie rostrum (Fig. 18, A), the latter being approxi- 
mated to the slit-like ana! ajM^rture. 

After the embryo is hatched, the abdomen appears longer, anil 
ehowa a few alight constrictions, which no doubt correspond to seg- 
nients (Fig. 18, B). It carries two rows of dorsal setae, six in each 
row. Tlieae are the only traces of the hairy covering which is so 
profuse in the adult. The chittnous integument of the young is thus 
only provisional. The young probably remain for some time after 
hatching in a pupa-like condition, resembling in this respect the 
Araneae (p. 58), which after leaving the egg remain quiescent 
surrounded by a cuticular envelope, vhich is not cast off for some 
time. This fact explains why the limbs (now bent backwards) up to 
this time show no traces of segmentatitin (Fig. 18, B, Cronbbbbo), 
and are also devoid of claws, No abdominal limbs were found in the 
young animal, nor was their presence to be expected at so late a stage. 

A very remarkable structure, not occurring in the adult,* is a pair 
of wing-like appendages, which arise dorsally .between the points of 
insertion of the first and second pairs of limbs. These outgrowths 
consist of a double layer of cells, invested with a cuticle, and thus 
represent iutegumental folds; no nerves or tracheae extend into 
them, and they are also devoid of muscles. 

The signillcauce ot theae n'iiig.Uke ipiwinliigeB is uot uiidenitood. CaoyBBBaa 
coai[ttreB Ihiiiu to the pnired sppcnilage* of the Astlha embryo (Vol. ii., p. 161), 
which Me to he rejpuiJed lu vcstigva of the shell, hut laya no gjiccial stress 
on this tom]>arUoD.t 

The Solifayae are distinguished from the other Arachnids by a few 
iini>ortant features, in which they seem more nearly to approach the 
lusecta. The most anterior piiir of limbe with the segment to which 
it belongs enters into close relation with the preceding (cephalic) 
segments, and is marked off from the posterior (thoracic) segments, 
so that a separate cephalic region with three pairs of limbs arises. 
This has been compared to the head of the Insecta and the next 
region, which now consists only of threa segments, each with a pair 
of limbs, to the thorax of the Insecta, The resemblance is increased 

* Ckokbbbko pxaniiiied adults of the siuie species, and fouud that IhU 
■tnioture was alto^^lUn' wantjuj; in them. 



t (It b now genorally agree-l that these straotnres arc enibryoiiiy wnsory 
ormns. aoA tiniiW to thow found in Fhrynva. See BnruE (Lit, uii Pedijjaliii, 
24) and Lalhii (App. to Lit. on Fadipalpi, No. I.).~£d.] 
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by the fact that the abdomen consists of ten segments visible 
externally. It is a striking fact that the Soli/ugae, which breathe bj 
means of dendriform tracheae, possess at least three pairs of stigmata; 
the first opens on the fourth segment of the body, viz., the second 
thoracic {i.e., the first free thoracic) segment ; the second pair opens 
on the second abdominal, and the third pair, which are closely 
approximated, open on the third abdominal segment A fourth 
opening may be present as a median stigma on the fourth abdominal 
somite.* 

We cannot agree with those who find actual relationship to the 
Insecta implied in the very striking features we have mentioned, and 
regard the SoUfufjae as a connecting link between the two stocks of air- 
breathing Arthropoda. The value of a division of the anterior body 
into head and thorax, in which the three anterior pairs of limbe 
would have to be considered as the equivalents of the three pairs of 
oral limbs in the Insecta, is diminished by the fact that one pair is 
still wanting, i.e., there is in the Solifugae no honiologue for the 
antennae of the Insecta. The most difficult point to explain is the 
position of the pair of stigmata on the cephalo- thorax ; we can only 
assume that it was ac<|uircd later. The assumption gains in proba- 
bility when we find that stigmata appear on the cephalo-thorax in 
the Acarina also, on the legs in Opiliones (Hansen), and on the head 
in Scolopendrella and Svu'nfhunis {?), The presence of a spiral 
filament in the tracheae of the Solifugae is no proof of their 
relationship to the Insecta, since it occurs also in other Arachnida. 

In spite of the external division of the body into three parts, the 
SolifugoA agree so closely with the Arachnida in outer and inner 
organisation, that we are not justified in separating them from that 
class. The .shajMj of the chelicerae, the possession of a coxal gland, 
like that which is found in the Araclmida (MacLeod, No. 44), the 
hepatic tubules derived from the enteron,t the position of the genital 
aperture on the first alxlominal segment, and other less striking 
features favour the .Vrachnid character of the Solifugae, We there- 
fore regard them as a branch of the Arachnid stock developed in 
a 8i>ecial direction, a view which corresponds to that of Ray 
Lankekter (No. 45) and other writers on this subject. The slight 

• [Heknai:i>, op. c//.] 

t Witli regaul to tin- liver, it should be nit'iitioncl tliat a more recent 
o)»fM»rvtT (Hiitri.A, No. 42) lias found certain fli!r«renc«'H in structure between 
thiH organ in tin- Solifugae and the Arachnida in general. He also, however, 
drsrrihrs the livtr as a \vell-d(*veloiK.'d organ tilling up the interstices between 
the other organs, a rlrscription which applies to tlie liver of an Arachnidy but 
not to that of an In>M'ct. 
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data that are afforded by ontogeny confinn our view, the embryo of 
Galeodes closely resembling an Araneid embryo. More accurate 
data as to the development of the Solifugae are very desirable. 

Systematic: "^ Aianeae* 

A. Tbtrapneumones. 

Avicularia (Mi/gale), At y pus, 

£. DiPNEUMONES. 

Epeira^ Theridium, Agalena, Lycosa, and all the other 
Araneae mentioned. 

Oviposition and the OonBtitntion of the Egg. The Araneae 
build nests or prepare cocoons for their eggs, and usually watch over 
them. In many cases the cocoons are carried about by the mother, 
held by the chelicerae {e,g., Dolomedes, Pisaura) or attached to the 
abdomen {e,g., Lycosa, Tarantvla), 

The eggs, which are rich in yolk, are surrounded by a vitelline 
membrane as well as by an external envelope, probably secreted by 
the oviduct, the latter being described as the chorion. A thin 
protoplasmic layer (the periplasm or blastem) covers the yolk, which 
in turn surrounds a central mass of protoplasm (the centroplasm), 
within which the nucleus is situated; from this central mass fine 
protoplasmic strands extend to the surface, thus breaking up the 
yolk into columns. 

Besides the nucleus, a remarkable structure is found in the eggs of 
Araneae, and called the yolk-nucleus, but this is not yet sufficiently 
understood. It consists of a compact accumulation of spherules; 
occasionally it is quite a complicated structure, composed of several 
concentric layers. When the egg matures the yolk-nucleus usually 
disappears, but it appears sometimes to be still retained, and is said 
to be still found near the nucleus in one of the yolk -complexes 
in the two- and four-celled stages of cleavage (Kishinouyb). 

According to Ludwio (No. 66), the external envelope is marked out into 
polygonal areas, but this has recently been referred to the breaking up of the 
periplasm into polygonal divisions, Sabatier (No. 70) and Locy (No. 64), 
these writers thus agreeing with older statements made by Balbiani (No. 46). 
This polygonal marking must not be confounded witli blastoderm- formation 
(which only occurs later) ; the former is said to appear even before cleavage 

* [PococK divides the Araneae into two group — 

A« Mosothelae, comprising one genus, viz., Lxphistixts^ with a segmented 
abdomen. 



B. Opi.thotheUejMy«trSi^_KD. 



] 



takes pkue. Lucy, with nhom Kisiunouvr agrees in llic iiiaiii, cxpluns Uioe 
uikrkiiigs by cuutractioos of tlie egg uStn it ia laid, dnwing the iieripUun 
closer to tbe yolk. The colonins of yolk-grmules cao ba seianitely recogiuHiil 
at the periphery m prouiinences, and this cBuaes the ]xilyf;nnal ni&rkiiiga on lb* 
aurruG. Some of Bai.biani's iiunieroUB figures that bear on this inint stem ta 
cimtiriu tliis view, while iitliors contradict it. In these figures, beaidea Um 
original divisian or the periiilaaiu into areas, another and true diriaion ts ah»WB, 
causal liy the pivacuce of l>)astoi]emi cells. Since the e^ is uid to oootnet, 
there might be a regular folding of the vitelline nieuibrane (in the form of 
polygonal areas], such as is said to occur in CiliKHiliii (Grohbkk), lint Ihii 
possibility seems to be excludcil, ss Locr mentions a periTitelline fluid wliicll 
ftppenrs ivhon the egg eonlrncts, IwUeeu its surfai'e and tbe vitelline Tiieiubtww. 

1. Cleavage and Formation of Oerm-Layers. 

Cleavage tuaj' lii^re at firs^ ha (InGcribed us tot^l, but pusses later 
into a Buperticial form. The central nucleus divides, the two 
daughter nuclei atill lying iicnr tlie centre of llie egg (Fig. 21 A). 




fio. 1«.— TbfM onlOKK.etlc ilagts of /"Adorffi.™.!. \i-^M-t (iftet H, Lriiino, fnmi 



Although there ix no furrow dividing the egg into Ivro, a complete 
dividon ia indicated, at first, however, only in the yolk. The folk- 
gnmules become arranged radially one behind another in tlie form of 
cylindrical columns (Ludwio, Figs. 19 and 31 A). These columtiB, 
radiating from the centre, become divided into two groups by the 
division of tlie nucleus into two (Fig. 19 B). Between them lies 
formative yolk. As nuclear division proceojg, the two groups o( 
columna, which Lttnwio descrilied as rosettes, again divide, and yivkl 
four rosettes (Fig. 19 C), which then divide fiu'ther into eight) 
sixteen, and thirty-two rosettes, following the usual course of total 
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anil equal cleavage. Each rosette, vhich lias now become a simple 
column, has a nucleoa. In the further course of cleavage (Fig, 20 A) 
the nuclei shift to the periphery, accompanied by the formative 
protoplasm belonging to them. These, together with the peiiplsftm 
already present, separate from the yollc to form a peripheral layer, 
which now contains the nuclei, and must thus be described as the 
blastoderm (Fig. 20 B, hi), Tlie yolk-columns, or rather pyramids, 
nuiy still be present at this time. Even earlier a cavity appears at 
the centre, the cleavage-cavity (Fig, 20, B), the central yolk-maes 
being withdraivn into the blastomeres as they develop, and pressing 
further towards the periphery. 

The yolk-rosettes do not seem, as a rule, to be bo distinct as 
Lddwio found them in Pkilodromm. Yolk-pyramids have also been 
seenin^^eRO, 
Theridiuvt, 
Epeira, Phot- 
^tu, and other 
forms, but the 
groups formed 
by them (the 
rosettes of Pht- 
lodromtui) tie 
closer to one 
another (Fig. 
21 A). A stage 
in which there 
are eight such 

groups closely resembles an egg that has uuderj;one total and eiiual 
cleavage, and that has a Bmall cleavage-cavity (Fig. 31 B). Kacli 
group of yolk-columns with its nucleus corresponds to a blaetomere. 
The blastomeres here also divide further, as in a case of equal 
cleavage, and when, after repeated division, a large number of 
blastomeres (about 128) have been formed, the nuclei, which have 
meantime shifted to the periphery, with their protoplasm, separate 
from the yolk below them, and thus give rise to the blastoderm 
(Fig. 21 C and D). The cleavage -cavity, which may be fairly 
large (Figs. 20 B and 21 C), becomes again filled with yolk, and 
the regular arrangement of the latter is gradually lost (Fig. 21 
D and £), The formation of the blastoderm seems to take place 
more rapidly in the one half of the egg than in the otiier (Fig, 21 E), 
(Salisbkt, LuDWio, LocY, MoBiN, ScHiMKEWiTscH). The former is 




tbe region in wlitcli the gerni-b»nd appears later, and may po^bly 
correspond with tlie germ-disc from which the blastoderm spreads in 
iSroJjrtt). 

Tlie iiietli(Kl of ctcavigp of tbe Araneid fjff^ agrees clowly «ith that of 

CniatAcean c^ggs rlrLssctl unilei- tvjie 11. (VoL iL, ]i. IDS). If, as appmn jirobafala 

IS, rt cletvage -cavity does uot occur in all Aranoid rgga, tlio ocntre in nm* 

ouca reuiainitig lil]«l with in iinMgtiiented moss of yolk, thine latter oa*c« 

I VDuld jirobabi; he rcreralile to Iljat type which was dMcHliod, in coimeoliaii 

I With thi Cnutacea, as total cleavage trith anbseqiieDt transition t« lUporfieUl 

I elHvogt, 




[The hlaslomeres tire, for the most part, llnttened (Fig. 21 E), but 
At one Bpot the c«Ila become spherical and multiply rapidly, conM- 
quently a large accumulation of blostodcrra-cclls, several deep, fonn» 
lit this spot By reflected lifiht this apot ajipenrs oe a round whitish 
ana. Shortly oit«r this a second thickening, and cotifie<)neiitIy a 
second wliit« nr«a, appcnrs. These two thickenings herald tbo 
formation of the germ-disc.] 
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There is little agi'eemeiit, among authors concerning tlie oBto- 
genetic processes which follow the formation of the blnstoderm, 
some ascribing great siguiheance to the prominence, called hy 
CL&FARferiE the j>rimiVu-e eiiniulus, which appears in the blastoderm 
by the thickening of the cell-layer* (Figs. 22 Ji and 23 A and B), 
others denying its imi>ortance. According to Moris, a thickening 
of the blastoderm arises in the region which corresponda to the later 
ventral surface, i.e., to the rudiment of the germ'hnnd (Fig. 21 F); 
not only do the cells here increaae in size, but some of ihem 
separate from tiie blastoderm, and form definite layers; the blasto- 
derm tiiuB becomes ninltilaiiiinar. At the snnie time a few cells 




in this region become entirely disconnected from the rest, and 
migrate into the yolk (Fig. 21 F, rfs). The three genn-lai/ers may 
\w now recognised. An outer layer, which constitutes the greater 
part of the blasUHlerm, is the ectoderm. Below this, at one pole 
of the egg, is. the mesoderm, while the cells which have migratod 
into the yolk represent the entoderm. In the Araneids observed 
by KtORi:i, the primitive cumulus arose only after the germ-layers 
had formed, if indeed it arow at alt. It wna wanting in Theri'lium, 
the form in which the origiu of the germ-layers has been just 

• [Unfottuustsly them ia s h-ood deal of confusion HuiTouudiiig Iho temi 
"pnmitim uuuiului." Aa atuliid iiliove, there &re tno tliickened wliitu areaa 
in ths llutod^nu ; and accoitlitig to KistiiKODrii, GLAPARbnB overlooked the 
first of these, and applied the lei-m " primitive oumulns " to the moond. The 
former kothoi terms them the primary and iooondary thickenings ; Iiut 
KtNOSLRT, while agreeing UuC Kisuikol-tb mav be ri^ht, nevertheless rcUina 
GLAPARfcDE's term "i«iniitive cumulus" for the flrat thickenipR.— Eo.] 
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Idescrilied. It is, however, not iinpossible Uiat tlioa 
!> it IB wanting are not primitive, but are epecialiaoil, and that it really 
[is of greater importance than its lat« appearance in Pkoleu* and 
LitB entire absence in Theridiuni would lend hb to believe. This 
l-Iast view is confirmed by the recently- published work of Kiuuinoutk 

I (p. «)■ 

The primitive cumulus * arises as a thickening of the blostodenii 
(Fig. '11 B), and may project from it as a prominence of considerable 
size {e.g., in Teijenaria and Agaitna, Fig, 23, A and B, p. 46). It 
has been found in most of the Arnueae as yet examined. A depression 
is said to appear in front of it(SAL«K8Ky, No. 71, ScmuKEwrtBcs, 
No. 72), We are tempted to regard tlie latter us tlie blostotiore, at 
the posterior edge of wliiuh the ingrowth of cells is specially active, 
as in the Scurpiones (p. 2). Some of the statements as to tbo 
relation of the primitive cumulus to the germ-layers in the procerii 
of formation (t.ij., those of Bruce, No, 54, and Lendl, No. 63) 
must evidently be understood in this way. 

If we coiuider the |rt-iniitivp ouniulus to bo at the posterior end of the enilnTO, 
we find oorselveii in the positinn wiiith wns t»k«n up by Balpour [No. 4il. 
Although, since the time uf this writer, the ontogeuy of the jtnnrae has bns 
iuveatigaliMl liy wvcrnl wolttgiat*. very little further light hu bseu thrown on 
tliis point. According to the above view, the iiiimitivt! cntiiuiiis correspouded 
more or leit to the future ctndAl end, the depression lying in front of it, w\A th* 
Mphalic lobes egsin in front of thia (Hai.foitb, Scbiukbivitsch, Lexiu.)-, 
■ocording to another view, the cbqiIaI end arises it some diitance fnmi ibr 
primitive cuninluB, Che cephalic lobes lying nearer it (Balhiani, Locy). In 
inclining rather to the view that th« primitive cnniulua correiipondn 
piMterior end of the embryo, we are aatUBtvd ehiefly by theoretical c 
lions. The ligmu given by Uorin and Sihinkiwitbcq aeem also to supjiort 
audi s eonoluaion. It is, bowever, true that there ia little CDDvincing evideDM 
for OUT aMnunption that the mesoderm ariues from the primitive cmnuliu. Tbrav 
IB, indeed, evidenoc of active jiroliferstiuii of cells in llie primitive cumulus, but 
in fTuut of it also (iu the region of the future gerni-baod) the bloatodinn apjcMS 
to be mnltikniinar (Fig. 23 B). It has already been mentioned that UoKin 
entirely denies tliis signtlicanco of the cnniulua. Accoriling to hiiu, when luob 
a |>roniiueiice a]>|iean, it arises only after the development of the gcrm-layera. 
It oatmot, however, be denied that Mobik himself represents it as o{ considerable 
■iie (Fig. 22 B). It decreases later by giving off isolated uieeodenn cells, and, 
by dfgreea, aliifts dorsally. This displacement is also evident in ClaI'akKdb's 
lignrca. If indeed tbo prominence seen iu them actually correspDiid* to tlie 
primitive cnmului (Fig. S& A and B. p. ii). That the blastujiore, or the lut 

* [The authon here use this term in tlie sense in which it was otisinallj 
apidied by CLAi-AKkui, J.e,, they apply it tu the thickening whieh fornu ■ 
prqjeution bom the lurfaoe of the blostMerm, which KistiixoL'VB tormed Ibe 
Boooadsry tbiokening. Kikuslev, on Ihc other liaud, terms the prinutf]! 
thickening in lAmiuvM the primitive cumulus.— £i>.] 
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tracfs of it, should occupy such a poaiUon is from presioos evidence improbaliU, 
iinlea« ire mftj asaunic that tlic prolirerating area ahifled as the posterior cud 
developed, and tlius attained ■ position nhich is apparently dorsal. Further 
discussion of this point is unadvisable, as a glance at the figures of Ci-ArAiikDK, 
Baluiaki, SALKMtKY, Balfouii, SciiiMKEWiTacu, LocY, and &1DIIIN shons 
that the; cannot be brought into a^^rcemeut with one another. It is evidout 
that the difficult; which attends investigation of this jmint is tlie cause of our 
nocertaintf with regard to it. Orientatiou in the almoat spherical egg is 
rendered still more dilficult by the ajipearance of the diHorent parts of the 
embryo (wpbalio lobca and OBDdal eud) sinmlbineoDaly with the degeneration of 
the primitive cumulus. On this account one af the more recent investigatoiv of 
the ontogeny of the Araneae, Kisbinodtb, was unable satisfactorily to decide 
the poeition of the primitive cumulus in the embryo. We must, for the jiresent, 
accept with some hesitation tlic view that the depression which apjiean in the 
blastoderm of the Araneae and the piimitive cumulus coiTesponds to gastrula- 
tioD, althongh enoh an interpretntion appears very probable, especially when 
comparison is made with the Scorpiones. 

This subject is not exhausted with the question as to whether the gemi-tsyer)' 
originate in a region corresponding to tlie later ventral surface, in which the 
primitive cumulus represents an area of active cell -proliferation (perhaps n 
point of ingrowth), for Ihei* exists a differotit int<>cpretation of the origin of 
the gemi-Uyer. According to the view given aliove, it is to be assumed that 
the cleavage- eel Is shift to the peiiphery to form the blastoderm, nni) that thi' 
gcm-iayera originate there by an iiigmn'th of cells (Figs. 21, P, and 22, A and 
B). While the mesoderm remains as a compaot accumulation on the ventral 
aide, the cells of the entoderm liecome detached from it and shift into the yolk ; 
from these the enteron fomis later. The origin and the fate of these yolk-cells 
is otherwise described by Balfour, Schimkewitbl'H, Locy (1). The most 
imporlaul point in these diverging views is the assmtiption that some of the 
cluvsgD-oolU remain in the yolk. Tliese cells, which are not utilised in the 
roniialioti of the blastoderm, do not represent the entoderm alone, bnt some ol 
them give rise to mesoderm -elements (Baltour, ScHmuEWiTscH). 

According tn Souhikbwitgcu, cleavage and the formntion of the blBsta<lerni 
take place in such a way that the egg breaks up into a large uumler of yolk- 
pyramids in the manner already described. Bach of these pyramids oonluns a 
Ducloua which at Grst lies at the centre. The nuclei shift to the periphery later. 
and there, with the protoplasm which surrounds them, become separated from 
the yolk. Ad outer cell-layer, the blastoderm, is thus formed, It appears, 
however, as if a further division of the nuclei had taken place previously, and • 
largt nunilfr qf nucW kad rrniaijud vithin tiie yolk ; at least, this ie what we 
understand from ScBiMKiswii-gcH's description of the cleavage- process.* During 
the development of the blastoderm there is a further increase in the iinniber 
of the nuclei which rcranincd within the yolk. Before following its further 
fate, we must mention a process which was o1>aerved by Sc'BiHKEWtTscH in 
Araneid eggs, and had been prtvioualy noticed by Salenskv. The blustodemi- 
□ells which at first surround the egg, shift towards the ventral side, and therp 

* The ftatements of Scbiukbwitscu as to the breaking up of the yolk- 
pyramids and the formation of uninuclear and n laltinn clear yolk 'Calls do not come 
within our scu[)e, and also retjuiie corroboiatian. As a whole, his figures agree 
■with the deaenptions of earlier writers. Scbimkswitsch also found the central 
cleavage-cavity in a few forms ( Ttgeiiaria, Epcira), and describes it as iillw] with 
masses of yolic, in the way described for Theritlium (Fig. 21, fand 7'). 
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fonii n LhitkeLing whicli, togotlier with t}ie luler iiroliferatiaii of ctlls hi Iliia 
spot, yiMa the rudiiueut of the germ-bsud. MoBitl's accoant nlso, ■■ fu •■ 
we ctm folluw it, seenis to cnnfimi thia, and the figurei adopted froni him [Fift. 
21 D-F) ahoir tbat an Bccumulatiau of lilastodemi -cells >t first lin on tlw 
doml fli'le or the tfg, while itt « later stage only a few cell* sre peroeptible ia 
this region. Accurdiug to Schimkbwitscu, the dorsal side ot th« egg be<«BHa 
completeij denuded of blaatoderm, which only later groira out towania it >Kain. 
We were at iirat liiaposed to attribnte the absence of lilaaUidenii on thu donal 
side rather to a belated advance of the niich'i out of the yolk, espeoiallf «• 
aathore atate that the fotiuatiou of the blagtoderni progrcmei trom the vnttral 
lo the dorsal side. There seemed here to be a distant resenihlanM to the 
cleavage and the formation of the blastoderm as observed in the rgj^s of S^vqrit. 
Further investigation is needwl ta show whether thia conjecture ia coitefl, or 
whether such a marked redistriUition of the blastoderm -cells as is shown in 
the figures actually takes place, A similar crowding togetlier of the blanto- 
dcru-cells, though not nearly to stich » griwt extent, has aba beuu obaeri'ed iB 
other Arthroiioda {AHacus, e/. VoL ii., p. 13?). 

Aeeordtug to Schimkkwitstm, who on this jwiut is oaseutially in aeconl 
with BALPOtrit, the yolk-cella take part to no tnconsideraUB eiteul in Uib 
formktlon of the mesoderm, although the chief mass of thnu is to be deacribtd 
aa eDtodemiic Si-BtUEBWiTSCH, like IUlfodii, aaauniea a two-fold origin tor 
the mesoderm, inssniuch u it is formed from the thickening of the fvntnlly 
situated blastoderm, esj>ecially from the primitive cumulus, and also by tlw 
addition of yolk-cells lu this thickened region. Certatu nioditicatians here 
appear in individual Tonus (Tegmiiriii, ^xini, Lycota) ; upon these, hnHtTtr, 
nc shall not enter, as we are uuable to agree with this view. Of the two 
opposed views, the one asauniing the oxistence of yolk-cella giving origin to 
the entoderm and the mesoderm to some extent, the other deriving both Um 
entoderm and the mesoderm from thu blastoderm by a jirocess compaimbU to 
gaatruUtion, the latter ap|iears to us to bo by fltr tlie more jiiatifisblc. Thia 
vien' is conlinned by KlSHlKOirvB'a rMcnt work (No. G2). This observn' baai 
no UQclei in tlie yolk after the formatiun of the blaslodemi, hut obserrod «db 
migrating into the yolk from the blaitodermic thickening (Figs. 21 and 99). 
Tbeae oelle, which become distributed through the yolk, torm the enlodocm. 
Furthvr thickening of the veutrsl region of the blastoderm gives rise lo tho 
mesoderm, as waa described above [p. 41)- The ventral blastodenuie thiektaing 
known to us aa the primitive eumuliuis in any case of significance iu oonaeetioli 
with the formation of these two xerm-layets, for it, like the ventral plaU (M 
l>e dewribcd later), appears before the ditferentintion of the gertn-Ujren 
(KlSHiKOl'Vii), and not after it, as UoniK Msumeil (p. 41). 

Whon wo Iraco batk the formaliim, of the germ-layen lo Uio 
blutodorm, we thereby imply that the yolk-cells aUu arise fiiND 
the blaatodenn. These latter, nccording to the unnnimous opuiita 
of nuthure, contain, in the Araceae, the rudiments of the whola 
entodcrni, giving riee kter bo the cpithcltuin of thu i^iiteron. If 
tlicsc cells were to remain in the yolk when cleavage takes place, 
the process of blastoderm-fomiation would have lo lie regarded as 
epibolic, but this ih contradicted by what occurs in relnted fomu. 
The genii-lnyera are moreover formed in the Scorpioncs also by tti* 
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ingrowth of cella on tlie ventral side of the blaetodertn, and the 
«ntoderm, when first appearing, occupies this position in Irolh these 
divisions of tlie Arachnida. In tlie Scorpiones, it forms a regidar 
epithelium, so that it cannot fail to be recognised aa a separate 
germ-kj-er, but here ulso iaoIat<Hl cells enter the i-olk. All these 
facts confirm us in rcfjardiu),' the view of the formation of the 
germ-layers adopted by Morin and Kishinouvb (Fig. 21 F) as 
correct. It cannot, however, be denied that tlie figures given by 
SciitUKEWlTBCB, and especially those given by Balfour, show yolk- 
cells in earlier stages and further removed from the thickened part 
of the blastoderm, which might rather be assumed to have remained 
Ijehind in tlie yoik at the time of cleavage, than to have become 
detached from the thickened part of the blastoderm. If this should 
be the case, the view liore taken is not thereby contradicted ; we 
have then to do merely with single cells which were not utilised 
in llie formation of the blastoderm, and remained behind in the 
yolk. These cells, as vilellophags, perhaps render the absorption 
of the yolk possible. In that case we must assume that they do 
not later enter into the formation of the entoderm, hut probably 
disintegrate during the gradual disappearance of the yolk, as is thp 
<^ase with corresponding (yolk) cells iu the Insecta. 

2. Development of the External Form of the Bod;. 

T!ie develoiiment of the external form of the body has lieen 
repeatedly investigated more or less thoroughly in the cases of 
A'jaletia, Clahiona, Epeira, Tlieridiuni, Lijeasa, and I'/iolcug, and 
has been found to follow a very uniform course. In spite of this 
fact, and although a large number of zoologists, among whom we may 
mention Herold, CLAPAiitDE, 8alenhky, Balfour, Scbihkewitscb, 
Loc'V, and KlsiUNouVE, have investigated the subject, some points, 
tsiwcially in the earlier ontogenetic etages, still remain obscure. 
The chief difticulty is connected with the early rudimeut of the 
embryo and the first appearance of segnienttttion. 

At a time when the blastoderm is either approaching completion 
or is fully developed, there appears (probably on the later ventral 
eide) the prominence known to us as the primitive cumulus, the sig- 
nificance of which has already been discussed (p. 41, etc.) rroni this 
there extends forwards a band which is distinguished by its white 
colour from the rest of the egg, and ia caused by a marked thickening 
of the blastoderm (Fig. 23 A, Clapar^de, Balfodr). IIeuold 
mentions a comet-like etractnre which arises at an early stage on 
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tlie surface of the Aranekl c^, this! conipatison being apparc 
su^eAteU by the banil just described, together with Ui« primitive 
oumulua (Fig. 23). The band soon widens at the end furthest from 
tlie primitive ciinmlus, and it beuotues still broader as the tliickening 
nf the blastoderm extends out laterally from this region. 

Such a lateral extension of the blastodermic thickening, starting 
from the hand, iinplicG that ve reganl the hand itself, ae well as llie 
primitive cumulus, as thickenings of the blastoderm, which have 
arisen by active increase of cells at these points. According lo 
Salbkskv, a depression appears in front of the primitive ciimitlna; 
this soon doses again, and is regarded by him ns the hlastopoK. 
Wc are diajMised to attribute the eame significance to that thickening 
of the blastoderm whidi was mentioned above in the descrigition of 
the foniialiun of the germ-layers. We thus assume that the priuitivc 




4ni!r Xunui). '.pr, priml 

cumulus lies at the future posterior end, and that the band runs 
out from it anteriorly. Its position therefore indicates the ventral 
surface. The latter is clearly recognisable as such at a somewhat 
later stage, the blastodermic thickening extending further, and 
finally becoming evident on the surface of the egg as a region sliaped 
aomewhat like an isosceles triangle (Fig. 23 C). The basal part of 
tilts triangle aeems to appear first (Fig. 23 B), and then by degree* 
the parts nearer the apex. The 'base of the triangle corrcsponils to 
the rudiment of the cephalic lobes, the point to the posterior eni] 
of the embrj'o. According to this account, the primitive cumulua 
would occupy the ajiex of the triangle, and must be looked for la 
the posterior region (Ktg. 23 II), and the band which ilevelupcl at 
Ant and proceeded from the primitive cumulas (Fig. S3 A) wouM 
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then indicate the longitudinal axis of the embryo, Thf whole of 
tlie triangle thus represents the germ-'band or the ao-called ventral 
plate. 

Eiubryuiiic eiirelopvs, such as are fuund in the Scorjiiones ((>■ 4), are waiitiug 
in the Amueae. The amuiatic fold (1escri1>«d liy BliucE on the head of tha 
Araucid smbryo must without doulit be referred to the iufuldiog which takes 
[ilttcv daring the formation of 

the brain. The foi'malion of 

cuticular larval integiimeiitn 
will l>e again referred to later 
(!'■ 68). 

At aliout the time when the 
rudiment of the genu -bund 
(the so-called ventml ptott) 
lirBt appear (Fig. 23 A-C], 
Ihe ,vgg is said to be flattcni'd 
on this aide, but at a. slightly 
later staga the ventral nurface 
of the embryo ap])earB iiiu<^h .1 . 
arched (Figs. 24 and 25 .1), 
either bcx^anse this surface haa 
bi<eonio awKindarily convti, or 
becaiue this special region has 
not been affected. In Phof-Mn 
it appears to be the dorsal part 
that is Rattened (Fig. 2S J and 
B), and CLAFARkUB mentions 
that in this way the anlerim- 
and posterior ends ire approii- 

The Begiuenlation of the germ-band begins with the appearance of 
a few transverse furrows which mark off a large anterior and a 
posterior region, as well as several intermediate segments (Fig. 24). 
These segments at htst appear very indistinct, the parts of the body 
to which they correspond being doubtful In the youngest segmented 
stage, three segments were found besides the large anterior and 
posterior regions (Fig. 24, Sai.bnskiv, Balfour, Locir, Lbkdl). 
These seem to correspond to the first three thoracic segments. 

Acooliling to Locv, we must, hou'ever, assume that the three middle segments 
reprewnt the second, third, and fourth thoracic acgments. He believes that the 
■cgnieDts develop in the following order; foarCh, third, necond, Hrst thoracic 
aegmauts, then tliat bearing the pcdiinlps, and last of all that carrying the 
chetioerae. The diHerentiation of the segments would thus take place from 
belaud forward, an e»aot reversal of the order usually met with in segmented 
animals. There is s general resemblaDce betneen this view and that adopted by 
MerscHKiKOFF for Che Scoipiones, according to whieh the enihrj-os at first 
break up into three regions, the anterior oorrcsponding to the cephalic region. 
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the post4'rior to the telson, with the as yet undifferentiated segments of thr 
post-alxloiiien, and the middle ^tart giving lise to the other segments of the 
body (p. 6). 

It is well to l)ear in mind how extremely difficult it is to orient the regions of 
the body in tliesc early stages of the Arancid embryo {ef. Figs. 23-25). Thii* 
difficulty throws some doubt uiK)n the correctness of the identification of the 
body-segments, given above on Salrksky's authority, and conseqaeutly the 
whole order of formation of the thoracic somites may he at fault. 




A, 

Vui. 2.'i —Embryo- >]».)wiiij; varying (lfgret»i of gt^'iiifOlatiun, >mt not yet provi<I<Hl with 
liiiilm. A an«l /.', Fholms nf,Hi„n»vUs; C, Ciuhionn (afler ('LAPARfeuicX A and B, latenl 
nH|»«'^•t^: (', Miitral a-.ix'ct. (h, cln'liceral i«*Kin«iit ; ••./»»•, iirimitive cunmlosO; '*» ^W* 
int»'KMiii«Mit ; h, ixwiorjnr, II, ci'i»h»llc 1o>m-« : ;•*••/, i)«li]tfil|»al s«*p:iuent ; /-/T, thoniek* 
M-}!ni<>iitH ; /, lirat atMloiiiinal s«<};iiiciit ; $1, cau<lal 1u)k.> ; i-, anterior. 

The scginrnts of the ixMlipalps and chelicerac arc said by almost 
all authors to appear later than the fuur thoracic segments. Just as 
the jK»sterior region of the eml>ryo contains in itself a number of 
segments, go also does the anterior lobe comprise, besides the cephalic 
|>art, the segments of the chelicerae and the pedipalps. A regular 
separation of segments from before backward, therefore, does not 
take place. At the stage in which there are six segiHcnts interposed 
iK'tween the cephalic ami caudal lo]>es (Fig. 2.") A and B) tbe four 
posteri'T segments are miicb better developed and more distinctly 
marke<l olf than tbe two anterior segments. IUlfouh, Schimkb- 
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wiTHCH, aud LotTf give figures of this stage in Aijalena, in which thy 
chtliceral eegmenl is still united to the cephalic lobe, or is in the act 
of separating from it. We are unfortunately not able, from tliis 
description, to decide the order in which the thoracic segments 
become dUTeientiated, but it seems us if the most iwstcrior Bcgment 
^the fourth) arose after the others. The abdominal segments 
separat« from the caudal lobe in the usual ortler, i.e., from before 
backward. 

As the germ-band segments, it extends further over the egg; 
and not only do its anterior and posterior ends grow towards the 
dorsal side, hut it extends laterally, and may thus, in a few forme 
{e.g. Pholeue), cover the greater port of the surface of the e^ (Fig, 
25 A), Seen from the ventral surface, the germ-band uow appears 
broken up into segments, which extend transversely across the whole 
surface of the egg (Fig. 25 C). The segments appear somewhat 
narrow and as if separated by broad transverse furrows. The egg 
therefore somewhat resembles the dors.il syrface of a rolled-up 
Iaoi>od. This condition, however, is not long retained, a lateral 
contraction of the germ-baud taking place which causes it to draw 
back again on to the ventral surface (Fig. 35 B), aud Ut lie there in 
the form of a segmented band. The ceplialic and caudal lobus 
retain their jwaitions unchanged during this process, aud, owing to 
the dorsal extension of the anterior aud ]>asterior extremities of the 
germ-hand, they appear closely approximated (Fig, 25 B). In those 
forma in which the germ-band does not «xtend so far over the egg in 
early stages {e.g. Agalenii), the cephalic and caudal ends only 
approach one another on the dorsal surface at a later perioil. 

The shape of the germ-band becomes modified, the cephalic 
portion widening and assuming a bilateral, bilobed form ; the abdom- 
inal segmenU, further, become seiiarated from the caudal lobe, which 
has also widened. There may be as many as twelve abdominal 
BBgmenta Ijesidea the lelson {e.g., P/iolntg, Schimkhwitsch), Tlie 
abdomen in thus riciilij ge-jmenCed in the Arumid embryo, in direct 
opposition to its condition in the adult. The complete segmentation 
of the abdomen does not take place till the Inter stages, other im- 
portant modifications in the germ-bond preceding it. Tlie first of 
these to he noted is the appearance of a longitudinal furrow iu the 
ventral middle line (Fig. 38 A), which is caused by the division of 
the mesoderm lying on the ventral surface into two bands, these 
suliseijuently shifting to a more lateru.] position. The germ-band 
IB in this way divided into two symmetrical halves (Figs, 26 A and 



B, and 26), which may lie so far apart that the yolk protrudes 
between them (e.i/., Agaiena, Balfour, Fig. 39, p. 53). Anteriorly, 
in the cephalic lobes and altui at the caadal end, the two holvea ot 
the germ-bands remain united (Figa. 28 A and li, 26). 

Long before the yerm-band haa dividwi to such an extent, 
the rudiments of the limbs 
have appeared, the first to be 
seen being those of the four 
pairs of ambulatory limbs, u 
alight prominences a little lo- 
moved from the median groove 
(Fig. 28 A, 3-6). Tbeoe are 
followed by the mdinienU of 
the pedipalpa (Z), and, o little 
later by those of the cheU- 
ccrae (7). The rudiments of 
limbs arise in the same way 
on the (rrst four abdominal 
segraeuU (Figs. 28 A, a, 2"), 
so that the abdomen tif tht 
embrffo in not only mtitA nwn 
Jvlhj tegnienttd than thai af 
the aduU, bid even hag limb* 
on tome of il» teymentt. In 
this respect the Araneae re- 
semble the Seorpiones, which 
also have limlia on the ante- 
rior abdominal segments (p. 8). Further simUority is found in the 
fact that, in the former, the posterior part of the abdomen may be 
flexed forward ventndly like the post-abdomen of the Scorpion 
embryo. This is the case in Photcits, as was pointed out hj 
CuPABiDE, and contirmod by Kmertok, Schimebwitsob, and 
MoKirt. 

It is almost universally admitted that the first four abdominal 
aegments carry provisional apjtendages (Balfour, Lucv, etc.). Even 
Morik'h researches, carrietl ont by the help of the latest methods, 
yielded the some re»uil, although Salenskv had mentioned a fiist 
limbless aegment, and ScmiiKBWiTacH Irnd accepted this view. The 
statements of these two authors are supported by the notes and 
figures of Brucb, published after hia death (No. 54). We were able 
caaily to convince ourselves, by examination of on Aianeid eDibt;jr9 
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(sp?), of the presence of a first abdominal segment (Fig. 27, 1\ which 

is qaite aa distinct aa the lollowing aegments, and ahowa inUicatioiis 

nf a jmir of abdominal ^ 

limba ♦ In Asafena also, 

which has been repeatedly 

exanimed, this segment 

la found, and the (.m 

bryo, at i stage nearh 

I orreaponding to that il 

luatrated m Fig 27 

shows indications of the 

rudiments of a pair of 

limbs These rudimpnts 

are but slightly de\e)o[)ed 

in Affolena (less so than 

in Fig. 27), and soon 

completely disappear. A 

similar condition of this 

first abdominal segment 

JB found in other Araneida 

(KOBSCBEI.T). 

The first abdominal appendage is followed by others, varying in 
number from two to five, hut usually by four, similar to those already 
described, and, finally, a much less distinct appendage seemed to be 
recognisable on the sixth segmeut in the form illustrated in Fig. 27. 
We should not have laid any stress upon tliis, as the sixth appendage 
waa not sufficiently distinct, had it not been evident from CLAFAi(i:DE'3 
and Ekkrton's figures that in other Araneids {Cluhiona and Pholeu») 
the sixth provisional pair of Hmbs is quite distinct The appearance 
of six pairs of abdominal limbs is of importance in establishing great 
similarity between the Araneae and the Scorpiones. This similarity 
is specially seen in the further fate of the provisional limbs (p, 57). 

The first abdomianl segmeat seeniB, in many apcoiea, to undergo degeneration 
early. NotbiDg can bo seen of il either in Balfook'b figures of Jgakna (Fig. 
28 A and £) or in the figures or LocT, who examined another species of the same 
geUDs. In other figures by tho latter author, however, the presence of this 
segment in the same speotcs ran bo gathered witli some certainty (Fig. 30 A). 
By other antliors, tlie first segment which i» provided with limbs, i.e., the true 
•eeond segment, has been considered as the first. 

estigslors of the ontogeny ot the Araneae, JAWoaowstu 
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the first, another segment lies. These suthora, however, did not find limbs on 
this segment. That such limln may be present is shown by the above descrip- 
tion and figure. [Cy. BBAUsr. on Scorpiones, So. II.] 
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The next moJificiitioTia wliich take plaw can best 1m3 seen in tlm 
unrolled germ-bnud of on Agalena (Fig. 28 A). The most Btriking 
of these is the nppearaiice of segme illation in tlie cophalo-thomcic 
limba. From the baaal joint of the [ledipalp, a longitudinal furrow 
cut8 off an anterior [lortion, which forms the mnaliuatory blade, 
while the remaining much longer and jointed portion represenU 
the palp (SoHiKKKwrracH), The chelicerae remain for the time little 
modified, but they also soon become jointed. In front of them a 
new Btrueture has appeared, the atomodfteum (tf). Between the 
cephalic lobes, and towards their [losterior edge, a depression appeAn ; 
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this at first is a pit, later a sac opening outwardly (Fig. 33, hi atid vd), 
and represents the Btomodaeum. Xcar the mouth two puireil etnicturea 
appear (Scbiukkwithcu) ; two small prominences, whicli lie anteriorlj 
■ the oral aperture, and no doubt correspond to Cbonxbibo'b 
antennae (p. HI), unite immediately in front of Uie mouth to form 
the unpiiired lip or roetnuu. Two similar prominences are aaid to 
lie posteriorly to the oral aperture, and, fusing together, to yield k 
kind of lower lip. These two, the powerful upper lip and the 
■lighter lower lip, the first forming an anterior and the second 
a poeterior semicircle, enclose between them the oral apeitim 
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(Fig, 28). The chaructetiatics of thia stage are completed by 
the appearance of a seniicircular furrow on eacli of the cephalic 
lobea (Fig. 28 B) ; this, as in the Scorpionea, ia connected with 
the fonnalion of the brain anJ of the eyes. 

Up to thia time the embryo shows a marked dorsal curvature, 
the continuous elongation of the germ-band causing the latter to 
assume the form of a nearly complete equatorial ring round the 
egg, and its cephalic and caudal extremities almost to touch one 
another {Fig. 27). On the dorsal surface at this stage, therefore, 
only a email part of the yolk ia uncov-ered by the germ-band ; this 
represents the future dorsal surface of the Spider, which is now 

mence to de- 
velop. This, 
however, alters 
in the stages that 
now follow, and 
that are charac- 
terised by the 
flexure of the 
embryo gradu- 
ally changing 
from a dorsal to 
a ventral one. 

Tiie striking re- 
vermi of fiexure 
or revertion of 
the embryo is 
due to a combi- 
nation of the fol- 
lowing changes: 
the growth of 

the dorsal surface (BiLFODn), the shortening of the germ-bends 
(Locy), and the transverse widening of the ventral groove between 
the two germ-bands, 

Until now the dorsal surface has remained practically undeveloped, 
the Cephalic and caudal extremities of the germ-bands being situated 
in close proximity to one another on the dorsal surface. The limited 
cell-area between them now commences to grow, extending anteriorly 
and posteriorly, thus forcing apart these two lohoa, At the same 
time a shortening of the germ-bands takes place (Locv), accompanied 
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by a widening (due to gronth) of Llic mediau ventral groove. This 
lattfr now becomes couverteal into a swelling, owing to the yolk 
pushing out the thin layer of cells, which unites the genn-bands 
ventrally, and forming n protrusion, tho ventral yolk-sa<^ (BARBOia, 
Balpour), which soon completely separates the two halves of the 
germ-band from one another, cousing the Umb-rudiments, which 
fonnerly overlapped ventrally, to become widely separated (Figs. 29 
and 31 A) and to move apart 

The middle portions of the two lialves of the germ-band now 
gradually move dorsally, a cliaiige brought about more bj the 
shifting of the yolk than hy any growth of their own. And at 
the same time tho two extremities of tliis band are pushed alitl 
further down until they reach the ventral surface, 

As a direct consequence of these changes, the previous doraalfiexwe 
of the •jenn-band graduaihi undergoes a complete reversal of its ciirco- 
ture, and the genn-banil finally assumes a well-marked ventral ffexurt. 
These changes constitute the "reversion" of the embryo. 

During these processes the growth of tho dorsal surface proceeds 
only in a line with the long axis of the Wly, while it becomea 
narrower by the displacement of tho two halves of the germ-baud 
{ff. Figs, 27 and 30). The opi>osite condition obtains for the vontnil 
surface, which we find shortening and widening, and finally convert«d 
into the tem])orary yolk-sac, which completely separatea the Iwn 
halves of the germ-baud. 

The completion of the reveraal of flexure is reached when the abdo- 
men is bent forwards ventrally ( Fig. 28 C), i.e., in a direction opposite 
to that which it formerly assumed. In AgaleTia, to which ihta deecrip- 
tion specially applies, a great reduction of the posterior abdominal 
segments is connected with this process (Fig. 31), These scgmenta, 
when the change begins, rise somewhat from the yolk, so that the 
tail of the embryo resembles a loose flap lying on tlie yolk (Loci). 
The flexure- reversal of the posterior region of the boily may thus be 
faciltlated, and such a tooeening helps us to understand the condilion 
of Epeira. In this form llie post-aWonien only degenerates at a 
later stage. Barrois describes a slage in the development of this 
Araneid in which the ventrally -curved embrjo lying on the yoUt-aac 
has, besides the four limb-bearing abdominal segments, at least aix 
(perhaps even eight) others. Tlie early development of the doraal 
aide of the abdomen, which has here taken place, is more easily 
understood on account of its loose attachment to the yolk. The 
change in the position of tho yolk from the dorsal to the vential mA<t 
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is specially lunrked iii E}teira, The embtyo itself, with its k>Dg 
abdomen, the anterior segmenta of which are broad, while the 
posterior nre narrow, bears, if we may trust BiitBoia' account, a 
decided resemblance to the Seorpionea. 

Babbois giveti such distinct ligiires of tliia stage, both in dorsal aipect and io 
profile, that wo should not licititate to accept his deecnption were it not denied 
by other authors tliat the cloresl segmentation described bj him in actually 
{vewDt (ScaiMKEWiTticu, Noa. 12, b, and 72], 

The rich segmentation of the abdomen, ten or even twelve seg- 
ments being sometimea found, gives the embryo, before flexure- 
reveraal (or perhaps sometimes, as in Epeira, shortly after that 
process) an ttppearonce quite tmlike that of an Araneid. A change, 



^. 



\-.v,. 





--x^l 



y 



Pia. 90,— Older enbrjua or AgaUm iuki'Ib, A, atiowlne the CbTuiiiciii^einiiit of llie flniore' 
rvraiMl. B, hiving compleled Um (Ictarc-nveraal, and nut liitFfaiDg (sTUt Locv). The 
embryo In A \t vltwtd loinewluit otilliiuctr. a)i,-Hli, tliB Ant nbdoininiil Mgmanti, roiir of 
which carry tb* pro»lilon»l UidIm: S, yolk: ^. ehallcwse: ptd, pBdipulpi; p, the tour 
anibuliUry limbs of the rl^ht aide; kt. cephalic \o\k: II. candnl lubr; i;i, aplunlnR 
iiuminillM (prDvutonal ib-loriiliitl limlia). 

however, is brought about through the great development of the 
anterior ubdominnl segments, especially of those which carry the 
mdimente of limbs, this being accompanied by the reduction of tho 
other segments. This process can be observed in Agalena at an 
early stage of flexure-reversal. According to Locy, the anterior 
abdominal segments grow with unusual rapidity towards the dorsal 
aide. Fig. 30 A, which illustrates the stage under consideration, 
repreeenta the poatero-Jatoml aspect of the embryo, so that the 
anterior abdominal segments can be recognised at each side growing 
up dorsoUy. Between them lies the bent caudal lobe («/), and the 
yolk-sac (rf) already appears on the ventral side in this region. The 



larger nliilntiiinal linil.vnfliiiienta are still distinctly visible (a^-ab^ 
This figure further siiou's very distinctly the presence (already alluded 
to) of an abdominal segment lyiog in front of tlint hearing th« 
first provisional limb (all^). This segment, as well as the one which 
follows the last limb-be nring segment, also takea part iu tlie growth 
towards the dorsal side. From this figure and others taken from 
Locr, wo gather thai the se^entation of the dorsnl side is, in this 
part of the body, a true segmentation, and that the segmentation 
observed by Barrois on the dorsal side of an Epeirid embryo is to 
be regarded in the same wny. It accras advisahlc to point this out* 




because tlie embryo of Epeira has such a chanict«ristic form even ia 
later stages. The external svgmentatioa is the expression of tho 
dorsal extension of the primitive segments, which arise in tiie 
Amneao as in tlie Scorpionci^ ly the segmentation of the meBodecm- 
band (pp. 23 and 85), 

The further development of the external form of the iMMly, aput 
from the reduction of the caudal region just described, is det«rmiiied 
by the union in the middle line of the halves of the segments that lie 
on Mu-h side. During this process, the princijial mass of the yolk is 
withdrawn into the abdomen, and the cephnlo-thorax and abdomen 
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now become mnrked off from one auother (Fig. 30 B). The dorsal pavt 
of the former is not extensive, nnd sIidwb do traces of segmentation. 

The ceplialic region has midergone considerable modification, the 
cephalic lobes being eraallLT tlian before (Figs. 30 and 31). The 
clielicerae are no lon^r post-oral, but have attained a pre-oral [xiaitioii 
(Fig, 31 B). Between tliem the upper lip or rostrum has formed. 

The half segments, ^vhicli became united dorsally, now join on the 
ventral surface, after the ventral nerve-strand, which arose by the 
thickening of the inner edge of the two halves of the germ-band, has 
become detached and has been drawn inward. As has alrendy been 
mentioned, it is the nntetior abdominal segments which, by their 
active growth, give rise to the large spherical abdomen of the 
Arojieid. We might conipnre tliem to the pro-abdomen of the 
Scorpion. The posterior segments, which are comparnble to the post- 
abdomen of the latter, however, degenerate either totally or to a great 
extent. The long abdomen of the embryo givea place to the compact 
abdomen known to ua in tlie adult. 

An important point hitherto left unnoticed is the fate of the 
abdominal ap|>endagea. These, as rudinients, resemble the thoracic 
limbs, 08 can be seen from Fig 3\ A; while, however, the latter grow 
and become jointed, the former decrease in size and become button- 
i like. During the flexure-reversal, and «ven after it, they retain the 
same shape and position (Figs. 30 and 31 ,-l). Then, however, they 
begin to change. At tlie base of the limbs of the second segment, 
the ectoderm becomes invaginated to form the lung-sacs, [and respira- 
tory organs are similarly developed on the third segment. The fate 
of the first abdominal segment is still uncertain. This segment, bo 
long overlooked (cf. p. 51, Fig. 2", 1, and footnote), is now recognised 
by BlUtiBB and Purcbll as the lioniologue of that small and almost 
limbless first abdominal segment which liKAUBR discovered in the 
Scorpiones, and of the disputed segment bearing the metastoma in 
LiiiiulM (KiSHisouYB and Packard, Vol. ii,, p. 345, footnote). If 
this comparison is correct, the 'jenilal aegment in all the three ip-oupe 
u proved to te the eighth jioet-oral segment (i.e. the second abdominal 
me'jment in lite Seorjiionea and the Araneae).^ The third segment 
(ISraujer) of the Scorpiones yields the combs, which are structures 
[leculiar to tliia group. The fact that the segment which, in the 
Scorpiones, carries the combs, may develop lungs in the Araneae is 
explained by reference to Limulus, in which it carries gills.* 

The appendages of the tliird segment (see above) are said to 

* [Bbai-kb, App, to L[t. on ScorpianES, So. II., Pdrcsll, App. to Lit, on 
Amiiew, No. VII.] 




degenerate, while Chose of Lhe fotirth and fifth segments becuiiie 
changed into spinning mammillae (Figs. 30 and 31, Balskskt, Lwjt, 
MoRi«). On these mammillae the spinning glands arise as ecto- 
dermal invaginations (Fig. 46, nfir, p. S8). If the spinning 
mammillae are reduced limbs (p. 79), we must regard the glands aa 
Ijelonging to the order of crural glands, having a phylogenetic origin 
similar to that of the corresponding structures in Peripatua, iha 
Myriopoda and the Insecta. The anus arises on the lost aKlominal 
segment at the completion of flexure- reversal, when the |)OBUal"Iomi?« 
is already degenerating, as an ectodermal invagination. 

When the young Arancid leaves the egg-in tegument it is, in many 
cases, quite incapable of moveiueut. It continues for some time (in 
many forms for some days) in the same place without any movement 
being apparent in it. It is invested more or less closely by a 
atruclurele^s envelope, the first embryonic cuticle, beneath which the 
future hairy covering is already present. This outer cuticwlar 
envelope, which may to some extent be Tc;;nr<lcil as a larval integu- 
ment, is broken throtigh after a time, but the young Araneid Ja 
still somewhat helpless; it can, indeed, move its limbs, but it cui 
only move from place to place frt'ely after several moults. Ths 
young of Epfira eoriiula, on the contrary, is able to move to b 
considerable extent when it leaves the egg (Purcbll). 

It id an interesting fact that the first lenticular integument may 
be provided with a kind of eijg-footh, which serves for splitting the 
egg-shell, According to the researches of F. Pt'ncBLL, tliere is, at 
iJie base of the two pcdipalj>a of Tf;ie«aii'a ihmeflica, a tliicke&ed 
plate-like purt of the first ubitinous integument, which, iu conttnat 
to the rest of the cuticular covering, appears dark in colour — almost 
bUck. From this sixit an outwardly projecting spine arises, such as 
was described above as an egg-tooth. A similar but less deTetoped 
spine is found in a corresponding position in AUnt fiorinAa, and also 
in a Xijttinia. It may also occur iu other Araneids. Pinuvu. 
observed that the first rent takes place in the chorion, immediat«l]r 
over the egg-toolh. It extends frnni this point, and soon a cap-lik« 
portion of the egg- integument is separated off. The movementa of 
the «mbTy(\ which must take place to prmhice the splitting of the 
egg-shell, could not be noticed. The spine, having fulfilled ila 
function in splitting the egg-integunient, is thrown off with the 
cuticular envelo|)e. ^^'e shall find n einiilnr arrangement in the 
Myriopoda, in which also an egg-tooth belonging to the cuticuUr 
envelope develops. The same is the case in the Opilionus (p. 33). 
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3. The Development of the Organs. 
A. The Nervous System. 
The ventral chain of ganglia nriscs ^li'.rtly after tlie apix?arance 
of the limbs, as ectodermal thickenings on the inner side of their 
bases (Fig, 32 A). Even before the formation of the limbs, a 
thickened longitudinal bond of ectoderm appeared on each eide neat 
the middle line, the two bauds being separated by a thin median 
ectodermal strand. This thickening first appears in front, and grows 
backwards. A pair of such swellings (ganglia) belongs to each sefpnent. 
(Balfour, Loct). In the cephalo-lhorax there is a pair each for the 
segments of the ehelicerae and the pedipalpe, a 



for the four 




miirenK ucUoqh Uin 


p^h HnlirycMof ntriil 


■ n mawWNiii, ■ 


ldiIftn!nt.t.«.(«f^T 


fcl, bloodHTOpuwlw 


•1. jolk : ill, yolk-cBllt 


»,linibl;l.iu 


iig.lnt»BlMlloni;-, 


onUttibi^loiaccla 


n ; nt, prtniiliie «piio 


BU, 





poiie of ambulatory limbs. In the abdomen as many as ten pairs of 
ganglia (in Pholcus, according to Schimk ewitsch, twelve) may appear. 
The longitudinal commissures connecting the ganglia are represented 
by thinner portions of ectoderm ; but tlie transverse connectives are 
not yet developed, the ganglia being still se])arated by n thin layer of 
ectoderm (Fig, 33 A). This is still more striking later, when the 
two halves of the germ-band shift apart (Fig. 32 B, n). The two 
Btranda of the ventral chain of ganglia, which at first lay near the 
middle line, are widest apart when the yolk is pressed towards the 
ventral side, so as to form tlie so-called yolk-sac (Figs. 32 B ami 29, 
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p. 53). IScfore tliis happens, however, various laodificationa have 
taken place in the length of the chain ; the ganglia also gradually 
lose their connection with the ectoderm, and come to lie internal Ut 
it(Fig. 48BandC, p. 92). 




riu. U.— LuDKltiullual HctliiBI Ibiodgb (inttfyiH nl TkrrldUm u,a-ulali~ at aiflRnt tm 
(■RmrKonuX ii.»iuii U, )iloaJ-F<>niuKl»i it, T"1k i dt, yaU-o>lli; i, bnln; k,liaMi I, 
btpaUcletKB; ■>, aouUi ; mI, nullBmt of Uio tntmin ; niu. uiukIm: n, ventnl nB(U*: 
■tinial HKooBUtfon ; >i>, ipluicbiilc Uyer M thi 



When tlie germ-band still shows n dorsal curvature, the ventral 
chun of ganglia also t^xtends round the whole of the yolk, but, as 
the genn-bftiid reverses iU llextirc, it shortene, the concentratioB 
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taking place from Ijehind forward (Loct). Tims wliilc that part 
of the chain lying in the ceph a lo- thorax increases greatly in she, 
that in the abdomen shortens (Fig. 33 A and B). Tlie separate 
ganglia have already come together to form two thick strands. 
At first the large ganglionic mass in the cephalo-thorax is still 
connected with a strand of abdomioal ganglia (Fig. 33 A), hut, aa 
the growth of the embryo progreaaes, the latter also is drawn into 
the common ganglionic mass in the cephalo-thorax, at least this 
appears to be the way in which we must interpret tho process. 
At first the individual ganglia, though closely pressed together, are 
still externally distinct (Fig. 33 A), but they become less distinguish- 
able later (Loct, Momn). 

By the approximation of the two halves of the germ-band, which 
occurs through the reduction of the yolk-sac, the two portions of 
the ganglionic chain again approach each other, and transverse 
coramissuiea now form. 

BALFofB, in describinK the fomiatioQ of the transverae cominiBgiires, apcaks 
of the nppearauce of delicate connectiog fibres in Che dorsal regioii of the 
gangli*, and expreuly denies tbnt a mediAu «ctodemial invagination takes part 
in the formation of the ganglionic clmin. Schimkbwitscu, on the contrary, 
expreauca himself ijuite as decidedly in favour of the presence of such a median 
strand appearing like a shallow groove lieCneen the two approximated ventral 
nerve-tmnks (Fig 4S B and C, p. 92). 

It Las already l)ecn pointed out (p. 12) that an unpaired median strand 
particijiates in the formation of tlie ganglionic chain in the Scorpionei, and we 
must assuniu that thin, in both cases, gives rise to the transverse c( 



As the concentration of the ganglionic chain commencea, the 
fonnatiun of nerve-fibres becomes evident, appearing first in the 
doisal part of the ganglia, t.^., at the part where, according to Balfour, 
the transverse coiiimissurea arise (Fig. 33 A and B). When the 
chain has become highly concentrated, the separate pairs of ganglia 
are still indicated by the transverse commissures. The elongate 
ganglionic chain of the earlier stages is now reduced to the com- 
paratively short and bulky ganglionic mass in the cephalo-thorax, 
such as is found, though smaller, in tlio adult. Only one imiwrtant 
modification has still to be mentioned. The pair of ganglia 
belonging to the cheliceral segment, which at first is post-oral, 
shifts later to a position in front of the mouth, fusing with the 
brain, and at the same time forming the anterior part of the oeso- 
phageal commissure. The posterior portion of the latter, i.e,, the 
part lying directly behind the oesophagus, is formed by the ganglia 
of the pedipalps. 



A.4 Tar ss we (sn gatlicr rrom t1>c BtatPinenU of BALForR, ScniMKEwiTi'i.'H, 
LocY, and Horix, the fmiaa of tlie ganglia of the cheliMral wgmenl with the 
brain leeDiB to take place veiy early, and ire may i>erlisps, therefore, uaaoui 
that Ibeir transvetse conimifuure ii from the 6ttt formed in front of the 
oeaophagua. This coinniiranre hag been described by Balfour. 

The Araneae naemble the Scorpiaoes with regard to tha fuaion of the cholicaral 
gauglia with the bniu, and ne woald here nil attention to nlut is pcrhapa ■ 
eorrciipDudiug process In the Crustsoca atid in Pcripatiui (fusion of the ganglia 
of the «ecoud sutennae or iiiaiillae with the bniu, Vol. ii., pp. 1S3, Iti, and 
Vol. iiL, p. IBS]. AecordinH to ScHruKEWiTiH-u, there isanother puiof guigKa 
between the chelJMra] ganglia and the hraiu, which rorrespondE to tliat piut of 
the brain which gives origin to the (niipaired) rostral nerve. To this point we 
■hall return later. 

After the ganglia have assumed the above-mentioned position, they 
hpcomo closely gurrounded by a thin layer of niesodenu, which 
further grovs in between the cell-mosses and between the fibrous 
etrands. This gives origin to the netirilemma and the trabecular net- 
work between the separate parts of the ganglia (ScHiXKiwi'recH). 
Tills is also said to lake place in the Crustacea (Vol. ii., p. 162). 

The BUpra-oesophaKeal ganglion originates aa a large thickening 
of the cephalic lobes. According to Kishinoute {Na 62) tlie 
rudiment of the brain U conlinuoua with those of the ganglionic 
chain, these rudiments forming together two longitudinal bands 
running fp.ira before backward. There are at first two distinct 
thickenings of the cephalic lobes, one on each side, bounded 
anteriorly by the semi-lunar furrow already described (Fig. 28 B). 
These furrows become deep nnd narrow slits, which appear to be 
lined with ah epithelium, and remain in close connection with the 
rudiment of the brain. When this latter becomes detached from 
tlie surface layer, the iiivaginnled ectodermal porta also become cut 
off from this layer as closed vesicles, and form an intcgi&l part of 
the supra-oesophageal ganglion (Silesskt, Balpouk, Morin). The 
invnginnto lining of the serailunnr depressions {ccpholic pits) yield* 
the upper hemispherical lobes of the brain ; the cavities being 
retained for some time at the sides. Between the two centnd 
masses fibrea form, giving rise to the commissures that connect the 
two halves of the bruin. BALrocR further distinguishes a ventral 
region lying immediately in front of the cheliceral ganglia, which 
perhaps corresponds to the rostral ganglia described by Schikkkwitocb. 

The nisuner in whioh tbv brain fumii in the Arancoe has not yet liecn asosr- 
talneil with lunicient certainty ; bat Tarioii* acconnts given tend to conHnn tlis 
view that the brain ariM* lioro, u ia the Scorpiones, as a \iairtd tliipkening of 
the eotoderm in connection with paired ectoderaiil invaginationi. Tb«W 




invagiiutinns of the ccpba1il^ Ii>);e^ sicni to show great rcsenjLlaDcc iu tlir^ tiro 
groups, hilt it is Dot sscertainei^ that they share in the AraDeni!, as in the 
Scor)iioties, in the fDrmatiuti of th(^ fyvs. On tha cuiitrary, it apjicara from the 
[lahlishcd slslenients that thi^ a]>tio nidimsDts ansa quita ini^ spend en tly of 
tliu semi'IuDar 'lepression^ VTe tue inclined, nevertheless, to lasumo that 
the |>art of the brain arising from infolding ptrhajis oomapouds to tli« optic 
ganglion, and that the folds which jield Uie eyes later enter into relntion with 
it. Th« middle part of the brain (protocerehrum. St. Remt, No. 12) might he 
Irncod heck to the thickening of the cephalic lobes, while the posterior part — 
the rostro- mandibular ganglion — is probablj to be regarded as a part of the 
original chain of ganglia, aa biis already b«Gii abown. 

This coigecture as to a connection of the cephalic pits with the optia mdinienta 
ia confirmod iu a recent nark by KisHiKOtn-K (No. 32). This work differs from 
former publications on the subject of the development of the Araneid eye, in 
actually aasuming a connection of the eyes (interior median eyes or principal 
eyes) with the cephalic pits, and thna, iu tkia respect, establishes greater agree- 
ment with the Bcorpionea. Ki.^hcnocve Oirther found three segments in the 
developing brain, ancli as PArrEH assimied for the nidinient of the brain of 
Scorpio (p. IS). XJn fortunately, tbe stsCeniNits of 1>oth tlieao autliora are not 
sufficiently olear to enable us to iindersta-nd their detailed accounts of the 
development of the brain, and to bring them into agreement with the atatumeuta 
of earlier oWrvers, KiBniNorYK'H accounts do not iu any way agree with 
Pattkn'b, OS may be seen by the rvlation of the optic rudiments to the ditFsreut 
sections of the brain. The former describes on invagination which is iude- 
[lendent of the cephalic pits ; nothing certain is known, however, as to its 
reUtJou to tlie segments of the hrsin. Interesting and important conchuions 
may l« eipected frnni thorough invesTigatiom of this subject. 

The statements of Schihkewitscb, that the cavities in the rudiments of the 
brain arc not to lie derived from infoldings af the cctodenn, but owe their origin 
to a later process of faldiug uf the ganglionic moss after separation from the 
evtoderm, contradicting the vieu's of other authors, can meet with no approval. 



B, The Eyes. 

The eyes, iii tha Aranuae, arUo through a process of infolding 
which closely resembles that Jeseribeil in connection with the median 
eyes of Scor/iio ; special modifications, however, occur in the Araoeae, 
Until lately a connection between the eye-folda and the depregaions 
on the cephalic lohea was not assumed ; it was thought, rather, t]iat 
the optic pits first arose when the cephalic pits had already closed.* 
The formation of the former certainly occurs nt a late period in the 
doveloproent of the emhryo, commencing when tbe latter is nearly 
completed, Thore then apiienr, in the frontal region, several pairs of 
(transYerse t) slit-tike depressions lying near each other, or one 
behind another. In Pliolem there are said to be two (CLAPABf^DB), 
in Lffeota three pairs, but our knowledge as to these depressions and 

* [Tliis view will bo materially modified by the observations of KlBHlKOtrYE. 
mentionsd below, should tliey prove corrcot, —Ed.] 
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their iweition is so slight ihat nothing Jt-finile can be asserted about 
thciii. It appeara, however, to be certain tliat the fooi pairs of ey«a 
arise from different infoldings (Marc). 

The way in whiuh tlie different ej'es arise vnrica, the anterior 
median |iair diifering in this wny from the two pogterior median eyes, 
and from the two luterol pairs. There is a corresponding difference 
in structure : in the anterior median eyes the rods of the retinal cells 
lie external to the nuclei (Fig. 34 A, gl), while in the other eyes the 
rods are found internal to the imclet (Fig. 34 B, gf). In the first cnse, 
the nuclei He at the base of, in the second, at the outer ends of, the 
retinal cells. The anterior mediHH eye, further, has no tapetum 
(Fig. 34 B, I), i.e., no layer of cells lying behind the rotina filled 




PlCh U.— Aiilcrtor (J) Hid iwilcrltK' (K) mcdliu ryet or m A"iiuid (dlagmnmttW, al 
k, hy^olennla i I, Isui , i>, nptM nvrvBi r, ntiniil e»)\i; <', [»di ; i, up-tiim. 

with shining [(ranules, such na occurs in the other eyes, and appar- 
ently also delorminee a difference in their methods of dcvelopmenl. 
Following Bbrtiuu, we shall, for the sake of brevity, call th« 
onlt^rior medkn eyes prtTKipal eijes, the i)o8terior and lateral eyoa 
oeetMory ai/m. These two kinds of eyes are distinguished, not onlj 
in structure, but ]>ossihly alsu in the method of their development 
(see below), a fact which justifies us in making this distinction. 
The lost [N)int, however, rei^uirea further elucidation. 

Oar jircscnt knuwIcdgB oonccrnitig the origin of the eyca ia the ArsiMM la 
cliicfly dnc lo lh« mMruliM of Loct [Ku. B1| siid Mahk (Nn. 67), carriMi Mt 
un AfUmt nateui. Tlia rillowing account, Ilier«rore, nten ipccially to thu 
form. KwuiMit'vt (No, «2), reociitly ni«de tonie iiivcstigntioui of ihc <l»Vf]o|i- 



mcnt of the Araneiil eye in Aynhna nnd Li/cosa. HU resulU differ in some 
essential points from tkone o( liis predccetuors, and, if confirmed, are of 
imporlAncti for the coniprelicusiou of tlie Araneid eye. 

The anterior median eyes (principal eyes) are first seen as ecto- 
(leTmal thickeoiugs of the frontal region. In front of this thickening 
an invocation appears (Fig, 35 A, a), which eventually canies in 
the whole of the 
thickened area (Fig. /O 

35 B). The deep 
sac thiia formed is 
directed posteriorly, 
and becomes applied 
to the ectoderm, 
which now shows 
a second thickening 
(Fig. 35 B, I). In 
further explanation 
of this stage wc 
refer the reader to 
Fig. 10 B, p. U. 
which illustrates the 
very similar course 
of development of 
the median eye in 
the Scorpion. Here, 
as there, the ecto- 
dermal {or hypoder- 
mal) layer lying over 
the sac forms the 
vitreous body, and 
secretes the lena on 
its outer side (Fig. 
35flandt',i)- The 
aperture of the in- 
vagination (a)closes, 
and the optic vesicle 
thus becomes cut off 
from the ectoderm, 
of the invagination lengths 
furthest from the surfaci 




to. 36.— Devf iQpinent of lb» 
MBllWl Heel Ion («n«( LooY). 



The cells of the already thickened (outer) wall 
distally, their nuclei taking up a position 
can be seen in Pig, 35 C. The rods are 
then secreted at the dislal ends, and thus lie external to or in front 
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of the nuclei. Tho whole of this thickened layer repreeenta th« 
retina, while the thin lower wall of the invagination (jt), the eo- 
calleil poat-retinal layer, perhaps yields the posterior enveloping Uyer 
of the eye (Locy). A displacement of the nerve, in relation to tbr 
retinal elementa, njuet take place here, as in the eye of Scorpio, 
since the former, in the adult eye, is connected with the poaterior 
ends of the retina! cells (Fig. 10 A and C, p. 14, and Fig. 34 A). 

The posterior median eyes and the two pairs of latenl ajm 
(accessory eyes) nlso arise through intoldingfi ■>! the cctodertu, wliicli 
are directed posteriorly, and become applied ta the ectoderm (hypo- 
detuiiH). The lens is then secreted above the infolding (Loct, Mabi). 
Up to tblB point the formation of these eyes appears to agree with 
that of the anterior median ayes. 

lu tlio kuterior Utenl efta tlie iavo^naliou ii, •c<'ording to Make, diroeMrf 
anteriorly. Perliapa ttiis fact noooutiU for the niiniber of the o|>tio fold* •■ 
deacribed by Ct APAftfcDB, the uiMHur «ye« arising e«[HtrateIy, while the pceurior 
eje* originate from a common fold. This U, iudted, nierely ■ coi^jectore, whidi 
we are ted to luike by tlie difficulty of gaining, from the *tat«uiinta before n*. 
any oiacl idea of this iniportant jiroceu. 

The development of the posterior median eyes and tliat of the 
lateral eyes fnrther differ in that the formation of the njda occuia 
not in the outer, but in the inner parts of the retinal celts. The 
nuclei take up an external position, and the cells lengthen in 
the direction of the cavity of the optic vesicle, and secrete the 
rods DU their inner ends. In consequence of this, the rods licre 
lie behind the nuclei, a position similar to that found in the eye 
of the aduh (Fig. 34 B). 

Wliile the outer wall of tiie invagination i« transformed into the 
retina, as in the anterior median eyes, the inner part seems to 
undergo another process of folding (Mark). The new fold extends 
into the original cavity of the first invagination, and representa tlie 
rudiment of the tapetum. Its cells accrete later the small crystals 
which cause the glitter of the adult eye. The poat-retitml Uy« 
behind the tapetum-fold here also bounds the eye posteriorly (Mabk). 

Aecording to Locv, tbe tapetum owes iu origin to a continuation of Urn 
outer ehitiuoiu covering of the body into tbo primitive eye-fold. Bat aioc* 
the tapetum it of ■ cellular oittDre, u via sliovn hj Bi!BTKAir'B reaamiwa 
(Ko. 53), tbiB do« not appear very [Tollable. Anuther view mooeniiiig tin 
origin of the tapetnni, which his Wu repeatedly suggested, is that it eoollali 
of niigratory meeuderm-oeUi iailen willi ■ silverj pigment. 

A displacement of the nerves and of tbe retinal el<>iuenta UmA 
perhaps not be assumed in these eyes, fir, according to BkKTCAtr, 
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the nerve in the Araneiil eye always joins the optic cells at the 
«sds at wliich the nuclei lie (Fig. 3i A and B). In the present 
case, this is the distal aide of the retina; the nerve haa therefore 
retained itfi oTigiDBl position. 

It appeara, from Biktkau's accoimt, that the neires join tie distal (eilernal) 
ends of tlie optic cells (Fig. 34 B), the iierve-libres ninning from tlie periphery 
to tiio endx of tlie cells. Tliia Becms to be the moat primitivo urangemeiit. 
Bebtkau, hon-erer, stalM that nerve-iibrea also traverse the tapetum (Fig. 
S4 M) and mn to tlie distal ends of the cells (i.e., in betlreen the optic cells). 
This latter course taken by the nerves must be ronarded as swoadary, if we 
omaider tbe processea of development, for a perforstion of the post-retinal layer 
then takea jiliice. 

It ia jioasible to reconcile Behtkau's description with the views foundi-d by 
Haks upon ontogenetta resoirclies. Accarding to these, some of the oervi-- 
fibres run round tlie tapotuni to join the disla! eiida of the retinal cells ; ollicr.'i. 
Jiowever, are said to traverse the post- ret iii.il layer as well is the lapetiini. 

Additional remarks on the development of the principal and the 
accessory eyes. The statements of Kishinouye, as we have already 
remarked, ivould, if confirmed, be of importance in atTecting our 
view of the development of the Araneid eye. According to this 
writer, the principal eyes arise through inversion, essentially in the 
manner described above. An important point is found in the fact 
that the aperture of invagination represents also the lust trace of 
the aperture of the closing cephalic pit. The (anterior) median 
«yeg are thus, as in the Scorpiones, related to the invaginated part 
«! the ceplialic lobes, a fact vrhich could not be gathered from the 
descriptions of earlier authors. 

While the principal eyes arise throngh inversion, the accessory 
«yea, according to KiaaiNonYB, liave quite another origin, being 
formed by a vtei-e depression of the ectoderm without invenion. 
They appear later than the principal eyes, and lie behind these. 
It appears that they ace related to the invaginations mentioned 
above, wliich form independently of th« cephalic pits, and take part 
in the formation of the braiu. This recalls tlie formation of the 
optic ganglia. The accessory eyes seem to arise independently of 
one another as pit-like eetodermel depressions. The base of each 
iif the depressions thickens considerably, and becomes the retina. 
The nerve joins the retina posteriorly, so that there is no suggestion 
of inversion, and the whole resembles the eye of the Insecta. The 
pit cloees, its lips growing together anil fusing. These parts yield 
the vitreous body, above which the lens ia secreted 

If the Araneid eyes actually form in the manner here described. 
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lliey would show great agreement wiih the eyes of the Scorpicinee. 
The atUerior median eyea q/ the Araneat, tehiek develop Ihrotfjh 
invereion, would then eorreepond io the median tyei of Srorpio, which 
arige in i timilar manner ; the posterior' median anil the lateral tj/ft 
C(f the Ainneae icoidil be fomparaMe to the lateral eye-i of th9 
Scorpionee, which olso originate as simple eeiodertiial deprtaniMt 
(leilhout invernon). If 80, liBRTtAO's division of Aranujd eyes into 
" principal " and " accessory " eyes would have some significance. 

Tlif fitt tbit tho« very iinportaut reaiUti obtaiued by Kishindittb w«r« not 
^ucoiijed tliB first pliuw iu our sccoiint is {lartly due to Ibeir iHwoniing kiiovn to 
us only during the publication of this book. Agaiu, compared with tlie itaU- 
mmtB of fomirr iuvesligators, thoy did not appear lullicieutly supporled. It 
Eili»uld 1>e noticed, honerer, tliHt reDCarctiPa niado by F. PcttcELL, iadep«tidaDtly 
nf the nark at Kinhihouvb, on the itructure and development of iraneid «/•*, 
Iwl to similar results. PtncRLL nlsa tliouglit that Iho lateral eyes aroM in tli* 
rtii'iii nf alight depreaaioua of tbc ectoderm, over the basra of which (ratiaait] 
the lateral )iart« grow in u vitroous bodies. This seenis to agree witb Ow 
■truature of tlie adult eyes, wbich, toj^tbcr with Pcrcki-l's ontogenetio 
..Iwrvatiom, will bo furthir I'xmiiilitnl later on. 

0. Surrer of the Aniclmidan Eyes. 
Id order to understaml tlio development nnd structure of the 
Arancid eyes, it ia necessary to compare them with the eyea of 
the Scorpioties. Whereas the eyes of tlie Arancno are usually 
regarded as simple eyes, i'.^., as so-called ocelli, the retinae of which 
show no regular grouping of cells (retinula formation. Fig. 34 A and 
B) ] the eyes of the Scorpiones have rctinulae, i.e., groups of cells 
with a central rhabdom* (Fig. U fl, p. 17, and Fig. 10 f, p. U). The 
eyos of Scorpio, especially the median oyea, thus show an esMotial 
feature of the compound ey«, although, like the Aranoid eye, thej 
possess a single corneal lens not divided into facets, and therefon 
are without another important feature of the compound eye. We 
must, nevertheless, regard them as compound eyes, if onl; as 
moditied eyes of this sort, as will be proved by the follovtDg 
considerations. 

* Id Ui« (liniTle Arthrapodan eye (oulliu, tUmmi, etc) the retina connats of 
a larer of dmilar optic cells (Fig. 36, r) ; iu the conipound fvd, howover. It 
breaks up inUigi«u|ii of cells, the reliiiH^e (Fig. 10, p. H|. These cells, wbkh 



•if the gn>u]i, optic rods (rAneaDiiiim*), vhich nmy fuse to foiiu ■ single itrnvtOT, 
tbn rimbdom (Figs. 37, rA, anil 10, ii. 14). Each group of the retinolM, 
tontlicr with the siiiierjacent cells of tli« vitreous body sad the corneal hcela 
beloDglnfc to tbstn, forms one of tlie ommatidia (Fig. 19S D], which in Iwrgar 
ur nusller nnniber* compose the Dye. Tbis at least applies to the typical fonk 
of oonipoQiid eye ; tile Araebnidan eye now under eouaideration is sotnawlwl 
difftnnt. 
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In tracing back tlie Arachnid eyes to compound eyes, in order to 
understADd their structure, we must first explain the origin of the 
)titt«r. It facilitates mattera if we refer to the probably analogous 
conditions in the Insecta. The simplest eyes (oceUi) of the latter are 
pit-like depresaionfl of the hypodemiis, over each of which lies a single 
lens. Corresponding simple eyes are found in the Annelida ; these 
are mere pits in the body-integument, richly pigmented and with a 
lens lying in each {Diopalra and Onuphig, v, Kennb^ No. 60). The 
ocelli of the Inaecta are on a somewhat higher level, the hypodermal 
layer bulging inwards from the sidea over the retina, and thus 
forming the so-called vitreous body beneath the lens (Fig. 3G, gk). 
In the Myriopoda, the Insect larvae, au'.l the Thysnnura, a number of 
such ocelli are found grouped together. If we imagine their number 
still further increased, and a closer connection foriued between them, 
we have the beginning of a compound fncet-eye. In the Myriopoda, 
especially in Setitigera, such a condition seema actually attained. 
The eye which has thus arisen has at first no kind of uniformity. 
Its constituent parts seeni still to be independent structures of too 
complicated a nature to permit of co-operation. A gradual reduction 
of the elements occurs in the single eyeB, and, as it progresses, leads 
to the result known in the compound eye, viz., to the retention of 
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We thus 



only a few of the elemetits of each primarily i 

single eye has in this way become 

imagine the omraatidia as 

arising out of ocelli. Tiie 

Talionale of this process, 

which led simultaneously 

to the reduction of the 

elements in the ocellus, 

and to an increase in 

number of ocelli, must bo 

sought in the function of 

the compound eye, which 

requires the utmost attain- , , . „ 

T lufv* {lifter Ou 

able diminution of the •J znet-vn'i- fc. t«"«i meinbniBo; c, cbtitaon 

vi.„d .urf.™ ia the .ingle ;-»;;^,':;;;r:: Si '• '""-" 

eye. 

Such very simple eyes as the ocelli of the Insecta are not found ii 
the Arachnida, but we must presuppose the presence of aimiln 
structures in their ancestors. The moat simple Arachnidan eye i; 
the lalerai eye of Scorpio (Fig, 11 H, p, 17), a unilamiuar eye, ii 
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tile form of a pit, filled by the lens ; the floor of tliis pit (the retitxa) 
being directly continuoaa with the hypodermis. Although this eye 
possesses, in the above features, the principal chnractera of n simple 
eye, we are not able to regard it aa such, on the one hand, because of 
its detailed structure, and, on the other, because of the striking 
agreement oxieting between the eye of Setn-pio and that of Limuliu. 
The lateral eyes of the latter nre unitaniinar, as are those of Seorpw, 
while the median eyes in both forma consist of two or three laycn. 
The lateral eyes of the Scorpiones, as well as those of Limtiiu*, 
develop in the form of simple deproasiona ; the median eyes, on 
the contrary, have a complicated method of development, wluch 
apparently is very similar in the two forme. 
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fusion liQs gone etill further in the lateral eyes of the Scorpiones, 
and has finally led to the formation of the common lens now found. 
In this view each latornl eye of the Scorpion is regarded as the sum 
of a number of single eyes. The rhat>donia contained between the 
retinal cells correspond to those in the eye of Livndm, The latter 
is somewhat highly di^veloped, its cliaracter as a compound eye 
Ijeing recognisable from the formation of rhabdoms in the retinulae. 
The lateral eye of the Scorpion thus also appears as a degenerate 
facet-eje. The depression whicli ontogenetically represented it must 
therefore not be regarded as the primary optic pit. 

In Heorpio, as is well known, there are several lateral eyea on each 
side. £ach of these is to be considered as n complex of single eyes, 
and all taken together as representing a lateral eye of Limutiu. They 
have, perhaps, been derived from one large facet-eye by the aeparation 
of individual complexes of single eyes. An altogether analogous 
process seems to occur in the Trtlobites. 

While tbf Trilobites iwiniHy havo it facet-oye on each sidfl, the genuB Harpa 
has, ID place of the facet-eyea, tirn or tlireo promineiicea [H. viUrUiit 3, H. 
mtgala S, Bauf^niib) with perr«;t1y BmoDtli turracea, which are simple eyes, 
strongly reacmhling in outward appearance the lateral eyes of Scorpio. Palaeon- 
tologiita have apprapriately described Ihem as ocelli, althoiigb, from ■ zoological 
point of view, they do not deserve this name, having most probably arisen in a 
way liinilnc to that coiijectuml in conovction nitli tlie lateral eyes of the 
Scorpionea, 

C«Terul exsniination of the surface of Trilobite eyea perbaps allows of our 
ronning further coucluaiona as to the origin of these facet-eyes, which coincide 
with the view just put forth. The whole surface of the facet-eye usually diifen 
in its structure from tlia rest of the body covering. In sonic geusra, however 
{Pluieopi, Dalnumia, Zittel), the covering of the visual surface is identical with 
the mt of the shell, while the aiugle lenses lie iu rounded or poljigooal d«- 
prmsioua. This looks as if. in the last case, the single eyea were not close to one 
another, while in the linit case they were crowded together. As our knowledge 
of the structure of the Trilobite eye is ao snuill, this can merely be sdvsneed sa 



The median eyes of f<cor/iio, by the distinct formation of letinulae 
and rliabdoms, are more evidently proved to be compound eyea. 
They are multilaminar (Fig. 10 C, p. 14). The same is the cose 
with the median eyes of Liviula^, the elements of which are also 
comparable with those of the eye of Scorpio. This multilaminar 
character raises the eyes under consideration to a higher ontogenetic 
level, further evidence of this being afforded by their complicated 
method of development. Both these characters make it impossible 
for us to trace hack the median eyes of Sctyrpio and of Limulus to 
lateiai eyes, although the two kinds of eyea otherwise show great 
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agreeincnt. iSoth tho Interal and tho mcdiitii eyes of the Scorpion 
appear to be compouud eyea, the one kind, however, ithowing mora 
than the other a tendency totviirds tlie suppression of the distinction 
of the primary single eyes and towards the formation of one homo- 
geneous eye. Tho fusion of eyes formerly distinct would, if we 
may follow this idea further, become continually closer, and finally 
lend to the fonnation of en L-ye in which the single eyea aa nich 
would be liardiy recognisable or altogether indistinguishable. It 
does not appear to us possible that the eyes of the Araneae Aittv 
reached this ttage, although it will perliajia be iioneidered para- 
doxical first to trace the evolution of the simple eye into the 
compound eye, and then to derive from this latter an eye which 
we are accustomed to claim us n simple eye. 

The e]fe» of the Araneae show, especially in their manner of 
development, the greatest agreement with the eyes (median eyes) 
of the Scorpiones, apart frcm the fact that by their position 
they prove themselves to be homologous structures. Tho process 
of infolding so strilsingly resembles the similar process in the 
Scorpiones, that we are obliged to consider the two as equivalent, 
and thus also to consider the Araneid eyes as more highly developed 
than their structure leads us to expect. The eyes of the AraneM 
are usually regarded as ocelli, and are compiired with the oc«lli of 
the Insecto, Their structure appears to justify this view, for the 
retina is com[>o8ed of a continuous layer of similar cells (Fig, 38 A 
and B). The development of tliis layer \», however, more com- 
plicated than in the simple eye; in manner of formation it resemblea 
the eye of Scorpio (Fig. 36, p, 6!), and Fig. 10, p. H). The multi- 
laminar character is not, as in the ocellus, caused simply by the 
hypodermal layer pressing forward over tho retina, but is the result 
of n process of infolding (Figs. 35 and 10). This striking leeen- 
blnnce to the eye of Srorpio nJone inclines us to regard the Araneid 
eye as a (mnpautul eye.* By the fareaking-up of the retinulae, the 
uniform character of the retina would again be attained. Then 
are besides, in the structure of the Araneid eye, certain indic&tiona 
which seem to support this view, and which would lead Ub to 
conclude that the retina is not composed of a uniform series of 

* [Pi-RrRLL (Ap[>, In Lit on Optliona, Nn. VI.) fliids tliat tlic eyn of tba 
0)nliiiiie* ■« til PI'S -UvBrnl iuierae eyen, utirlng in u iinwln-ly aiinilar way 10 
the priuct|iit] vyea cif tli« Aranrae ami the lucdlau i-ytw »f Scorpio. 1'li<jrewi1atB 
ntinula*, caoh uoiiiiKnc^ uf fuur oelU nirrounilinK u sitif(1« rliaUloin. rVBCBU 
oUimi to haTB iltlitutcly )iroTiMi that a retina comixMed of rrtiiinLu or of ■ 
nwdfflmtlon of ttwae oocar* in tlig Ojnliones and in Ine Araaeac.— Kn.] 
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aingle optic cells, Accordinj,' to Gbenachbb, the rods in the eyes 
of all Araneids conaist of ttco parts, and thus nppenr Rplit longi- 
tudinally ; in P/ialanffittm, each rod is composed of three parts, and, 
in transverse secliou, has the shape of a trefoil. Although it is 
expressly asaerted that the roda lie in the cells, via cannot avoid 
conjecturing that this hi- or triimrtite character of the rods is 
perhaps a vestige of the rhabdoni- and retinnla-formation.* 

The relutians of che vorioiu psira of Ariiiieiil vjes to oae itnother arc Temlured 
ditRciilt to umleratand by tlie iliflureDceB in strncnira and development foUDiJ in 
them. VCe sre at drat ilispoaed to connect Ilie anterior median eye with the 
modiaii eye of jSmr/rio, and the other pyed witli tlio lateral eyes of Swrpia. We 
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cannot, however, reeonuile with this view the faet tliat the posterior nieilian eyeu 
and the latursl eyea develop io alinoat the same manner m the anterior median 
eyci, «bil« the lateral eyes ot Scor/n'o form in a very nimple way (Ftg. 11, p. 17). 
We might therefore better ti'aee bauk all the Antneid eyes to a brenkiiig-up of 
the median eyes into ae[iarate uompleles, n;ch ae luM been assumed for the 
* In the eyes of some Araneae {t.y., Ati/iiua), the vitreous body layer apjiears 
to be exceedingly thin. BEnTK*tr (No. SO) compares these eyes to the ocelli 
of the Insecta, and stales that they obliterate the distinction betneen lini- 
laminar and mnltilaminar eyes. Those ucrtll with wliicli these Amncid eyes 
are compared already ahovr a vitreous hoJy aeparate from the retina (in 
Fhryganra and l^etpa, UkrnacberJ, i.r,. the vitreous body and the retina 
BO longer form one contiiiiions layer. In this respect, these eyea have » 
■tmeiure similar to that of the Araneid eye^, and are removed from that of 
the unitiminar ocellus. According to the view adopted above, the median eyes 
of the Araneae, which so strikingly agree witli the Insoctao ocelli, must not he 
oontidsred as homologoas with the IsttL'r, but we mast assume that thii appar- 
•atly aiinilar developmeut wag brought about in diihrent ways. 
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Uwml cycg of Scorpio.' la this case tlie l«teriil eyes would lie kltogclbfr 
vatiting iu theAmneac. The ilifri-ri-iic« in ulnicliire in t.ho different jwirs of eyei 
•re, iDdued, very r«in«rk»Ue ; but, in tlie pftwint Bt»le of our knowlcdgf, ii U 
not ponibU to expUin them in ■ ulisfaclory manner. 

In connection with the infolding of the Arachnid eyes nnd th« 
Becretion of the lens over tbstl part of Ihe fold which lies near the 
hypoderniis (Figs. 35 and 10, p. 14), the elements of the retina 
undergo rearrangement. The part of the cells formerly turned out- 
ward is now directed inward. It carries the rods, as it also does even 
in the Bo-ealled accessory tyes {kternl and poaterior eye«) of the 
Araneae (Fig. 38 B). Tliu n^rve-fibres become connected with th* 
ends of the cells which were formerly turned inwards, but ate now 
tunied outwards. At these ends lie the nuclei of the retinal cclla. 
This seems to be the definitive condition in the accessory eyes, and 
corresponds at the same time to the condition before infolding, ap«rt 
from a few modifications that may still take place in the innervation 
(p. 67). It is otherwise with the so-called principal (anterior median) 
eyes of the Araneae and the median eyes of the Scorpiones. In the 
former, the rods lie at the outer (distal) ends of the retinal cells, 
while the nuclei lie internally (Fig. 38 A). The nerve-fibres join 
the nucleated proximal ends of the cells. Tliia is also the case in 
the median eyes of the Scorjiiones (Fig. 10 C). A displacement has 
therefore taken place here as a consequence of the infohling. The 
absence of this displacement in other Aroneid eyes may perhaps be 
explained by the development of the ta]>etum by which the light t> 
reflected back on to the ends of the rods that turn inwards. 

Th« olaervatiOBR of KtaHtKOi-rE snd roKL-SLi. quoted »bore, scoording to 
ffliich invoTsian doc* not t«ke pUce in the deve!a|>ing aoceMory tfeu, agste 
tlironr doubt on the manner of jnnErration of thmo ryM which lias till now 
been conaidered likely, and lend [jrobiibiUly to the repeated uurtioaa tlMt the 
nerve entere from beiiind. 

From vhat is aa yet knonn of tlie structure and development at ttio AradiDid 
eyn, we are not jiutilied in doubling that diqilacement oocura. We hav* not. 
Indeed, suffleient deUila of tliii proceu, which ku been followod chiefly by 
1I.1BK and PARKBIt, to be able to judge fnlly as to ita occurrence. UakK has 
spfclally ileroted his researches to the morphology of the procca. In ordsr to 
nndtntand hit view ire muit. however, briefly toach npon anoUisr tbcMT 
oonoeming the origin of the Arachnid eye. 

We derived the coniponud eyes of the Scorpiones in<l llial of LivuUvt fran 
more highly organiaeil (facet) eyes; another view, adopted sin-oially by BaT 



• The recent jutemeuti regarding KisareoCTB ud PonrKLL'i 
(p. SS), according to which the anterior median cyea arise through 
while the other eye* do not, render highly jirobable the Sist conjeatnrft that tha 
former are to be traced Imck to tho median cyci of the Soorpione*, and the l>tW 
to tlie Istnsl syes of that saimal. 
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Lankesteb, ilerivBs them from a simple bjb (itemTiia, occtlui) by tliu gronping 
of the retinal elements into retinaloe. Tlie lateral eye of Limuliit would, 
Mcording to this vieir, represent a later stajije in whicli a seperatioD of tho 
letutee lias already taken place, which, progressing farClier, leads to the forma- 
tion of facet-eyes. Althougli tliia view alTorda in some respecta a satisfactory 
eijiUnation of the ditferent forms of the ey^s, we were not able to accept it, 
because we could not find aiifflcient grounds for asauming that the continuous 
retina breaks up into separate groupa. 

The pri«essea of development ore moro easily explicaLIa l>y direct deriration 
of the Arachnid ey« fi'oni the ocellna. The JDvagination then corresponds to 
the primary optio ^t If, hovrever, we regard the eye as comiiound, as we did 
before, it then consists of the sum of the single eyes, and the invagination is 




not oomparshle with the primary optiI^ pit, but must rather be considered u a 
seoondary structure, which displaced tlie whole of the visual surface inwards in 
the form of nn infolding, a i>roee»s which, without further explanation, is incom- 
prehensible. Tho process of inversion also then reuiains the same on the whole. 
Tht simpler case of the derivation from the ocellus is explained by U*BK 
throogh dD|:eneKtion of n part of the retina and greater development of the 
other part, the lens shifting meantime towards the latter (Fig. 39 A~0. The 
more highly developed portion of the retina comes to lie mors and more beneath 
the lens (Fig. 89 D and E). U'hile the nerves degenerate on the surfaces now 
turned outwanl, others lieoonie connected with the inner ends of these cells [D 
and S). The rods which lay originally behind the nuclei (,D) are now found it 
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front of tUem (JE). Mabk rcgardefl tlio aiihsriral (Irupture* foimJ bcUiaJ the 
nuclei in tlie niediaa e^e ot Sanyio, the >o-call»l "|ih*(i9|>hBr«i" ot Kat 
LAKKesTEit, as remains of the ori^ual rods, while the rods now found in fhnt 
of llio nuclei IB, al) ropreaent ne» fbrtnationa. Since, however, the "phao- 
sphei'ee" are funud in the lateral «yia of Scorpio wliieh da nut arise througb 
inversion (Bay Lankmsteii, CABUifeitE) tliLs view ii nol cuay to niaintain. 

If wp comjiare th« two thwrioa of tile origin of the Arachnid cyiw, we ought 
to take into considemtioQ, as an important factor, that the compound (fiaort) 
eyea are huiU up on a convex base, while the Aracliuid eyea have a concave bale, 
and in tlija vharocter more uearly I'eaeniblo the eimple ryet. Thia featnr* » 
wanting in the caiiipound eyes of LimuJat, nhirh liave aa a base an almuot level 

The attempt jiut mode to hring the varinut Arachnid ryet into reUtJon with 
one another waa uiiderlalceD to reooncile the facta revculed by ontogeny with Ibr 
BtTuctnre of the adult eye. Physialot^cal factors ought, perhaps, to have been 
taken more into account. It must be clearly understood that the above ta 
merely an attetiipt to facilitate the compreheDsion of the Arachnid eyei, till, 
throngfa f\irlher researcb, ne have attained a more exact knonledge of Ihrir 
I, aud the onloj^netic procoHscs through which they pan, which an 
I many reajicota very obacure. The literature on this aubject ii ao 
I, that we have not attempted to acknowledge the vielvs of dilTeraDl 
authors in the way done in other parts of this work. It haa thna been poaaiU* 
In [roal our subject more freely, 

Ths BMpiratorr Organs. 

The Lungs. The two lungs of the DigiiieHiiiones arise in Um 
fotiii of two wide ilcpreesiona at llie bases of tho liliibe of the 
second abdominal segment (SAt.EN3KV, Bru(,s, .\toRis). Tlieir further 
development (Scsiukkwitsch, Loov) aomcwbat resembles that already 
described for the lungs of the Scori>ioQes ({>. 19). 

The lung^socs are directed forwards in relation to the stigmata. 
At the anterior end, especially in the ventral part of the sac, 
infoMiiigs arise; these are the leaves (formation uf the lung-book). 
The space between the two halves of each leaf is in direct conttnuitj 
with the boily-cavity, so that the blood freely enters the lung-leavea^ 
The two lamellae are connected by cellular transverse trabeculae, no 
doubt arising from the mesoderm (Locv) ; theiie are also present in 
tho adult (Fig. 40), and arc then said to be of a muscular character 
(MacLiou). On the free surfaces of the leaves, i.e., du those turned 
to the cavity of the pulmonary sac, a, cuticle is secreted, wliich, on 
the surfaces directed ventrally, is homogeneous and of cijual thiek- 
new, while on the ilorsal surfaces it is stronger, and beset with amall 
tooth-like thickenings (Locr)j this distinction between the two 
Burtaces holds in the adult also (Fig. 40). 

]l hM already been shown <VoI. il, p. 3S8| that the lung* of Ihe Araohaida 
•how groat morphological rtaenibtaiicp to the gilU of the .^iphosurs. KiVoaLn 
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(M'o. 01] pofiite out ill nililitioii to tliia tlmt the rudiment of tlic laufp iu thu 
Arineaa so closely rtHembles thst of the gills in Limuliu, Uist the dub might 
lie mistiken for the other. Further, the rudimeuts of tlie gilhi in Limultu are 
itomewhst suiifc below the level of the ventml Mrfaoa. The positiou of the 
dereloping lung st the posterior Bide of the limb is also of great iniportnace. 
We Bie tlierefore disposed to regtrd the lungs of the Arachuida m moditications 
of once iUnctional gills (Vol. ii., p. SG8). When the gills are drawn into the body 
in anch a vu.y that the free posterior edge of tbe limbs, l>j its partial fnsiou ivitb 
thebody-wall.j'ieldatheetigma, the lower (true ftntariorjsurfaoe of the limb which 
lies eloee to the Iwdy must become the ventral body-wall uf that region. This 
is in agreemeut with MoRis'a statement, according to which the diaappcariug 
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Umh yields the outei covering of the Inng. In such an origin of the lungs, it is 
elear that the lung-leaves arise ehiefly from the ventral wall of the sao (posterior 
sarface of the limb. Fig. 40). The lung-leaves correspond directly to the leaves 
uf the gilla which are still found in Limuba. We therefore refer the litng-leavea 
to the leaves of the gilts, without asauiniug uu invagination of the Utter such as 
has been aonietimea demanded (Vol. ii., p. 3S9). It has been stated that in such 
« phylogenetic origin of the lung-book we should expect to see the leaves 
appearing as projecting folds on the abdominal linilia, before the depreuion 
occura, so that the Inngbuok would pass ootogeneticatly through a gill-stage. 
Such an ontogenetic slAge does not occur, but the iuvagination lakes place fii-at, 
and thg folds then form within it. It appears to us to be demanding too much 
to axpect to finil such an ontogDnetic slAge, and to be going too far to fouod an 
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oppoiition llieorj, coucerntng the oHf(in of the \\infiho6ki. upon itn abMOce. 
Such ■ tenipomry rel&rdKtion of oae of the ontogenetic stngva i« here all the 
leas imprDbable, BiDce we have seen that even the gills of Limiilua appear some- 
what sunk ID thp ventral bad;-K«]l. 

The moat important evideuce yielded by ontogeny in favour of a comparuon 
of the Arachnid lungs with the gill« of Che Xipbosura i« their common origin ■■ 
connection with the abdominal linib«. Besides tbia, there ia the sirildng »gtf- 
ment in tbe stmcturo of the adult organs whioh has been ipecially pointed out 
hy R\V LikNKEHTRB and MacLeod, and the csnuMike coiuiiiiinication of tbe 
limg-soca of tlic two sides which, to all appearincc, finds its honiologufl in • 
similar counHitlon between the gill -cavities on tbe two sides in Limultu.* 

The Trulieae. If the pair of lungs in the DipneumoneB artG«» 
from the aecond alxlominal limbB, it must be assumed that the second 
pair found beliind the first in the Tetmpncnmones arises from the 
third pair of abdominal limbs. This pair, according to Morim's 
observations, disappears in the Dipneumones ; but we may expect 
that further researches, made specially with tliis olyect in view, may 
rcTCol that it gives origin to the two tracheal trunks which are luet 
with in mcist Araneids in addition to the lungs.t In a few Arancids 
(the genera Dymlera, Set^entna, Anji/ronela) the two stigmata of theec 
tfHcheal trunks are found immediately behind the stigtuatA which 
lead to the lungs, and we can Uierefore hardly dnubt that they are to 
be coiiiinreil with the similarly-placed posterior stigmatii of the 
Tetrapncuraones. Where two stigmata (SalHcun, Mici'yphantet), or, 
as is usually the caee, a united pair of stigmata in the form of • 
transverse slit are found, ininieil lately in front of the spinning 
mammillae, it might be assumed tliat the second pair of stigmata 
have been shifted bock, just as the succeeding pair of limba hare 
been displaced backwards as the spinning mammillae to the poaterior 
end of the boily, 

Takiufi the abare fkcta into coiisidcntion, we are inclined to trace back th* 
trw'litw) of the Aransac (and of tiie Aracliui>la generally) to Innga.t We sMuiue 
that tlie air cbanibers of the luugs leDgthened out and exteniled far int« tlie 
* [Simmons (App. to Lit. on Aranrae, Xo. VIII. i finds tbat the luugs •'<•• 
VI JnfoldiDgii on the posterior surface of tiie seooud [lair of abdominal ajijiend-^ 
in the same way as the gills arise in Limuhu, foniiiug luug-leares iu the mi 
way •• the gill-le*ves are rormed in the latter. The liipg-leavM, therefore, arin 
«a aa external strnoture on the jioBterior sutfaco of the abdominal appenilaM ; 
they sink in without any iuvonion or complication, in the way luggtstcd «9 
KiKUSLKv. The tnutheae develop on the third alidoniinaj appendage ; ta tltm 
carhoT stages, tlicae appendages have, on their jiosterior snrface, a foMiBd 
■iroilar to that ou the second appendage. Tbe stiihnr (bua includes that Uw 
lung-lHiuk condition is jiriniitive sad the traclieae ilerived from it. 

8«i alw L^iNiiB (Apli. to Lit on Suorpiouvs, No. IV.j. This author ia alao 

In favour of M*iL)!oub view that the lung books are to lie dciivni froiu 

«I-|H'ndagi'a whose taCiral margins hare (Used with the vcntrel Ijody-walL— Rn.) 

t fPl'»iBLL(N'o. VIL) derives thi ...... . . 

T from the lung.— En.] 





a tracheal trunk from an entapophya^ 
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body, narroniug at ths nsnie time. 90 that the trachea! form vraa finally ssauiiied. 
Tlie dattSDed fiinu of tlie tracheae in the Arsncae aeemi further to support the 
vi6w that tliey arose from the spouea between ^be litng-Iesvea, Accoi'ding to 
HacLkod, the oir-chaniber which lies most dorsally in the Iniig (Fig. 40, M), 
and which is bounded by the wall of the hing-sac and tlie doiial lanielk of the 
uppermost leaf, usually difiera in abajie from tlie othei's, beiug more rounded, 
almost oylindricol in crosa sectiou, while the other chani tiers are norron' and slit* 
like. Thia air-chamber thus already approaches a trachea in fomi, and further 
reaemblea it in the structure of its wall, which is iwset all round with chitiuons 
t«eth. We tbua have a partial transition to Ihe form of the trachea in the 
actual Inug-sacs. The tracheae also show a great simihirity to lunga in that the 
prinaipal trunks of the two sides liave, stretched between them, a connecting 
oanat, inch as is also present in the lungs, and which, in these latter, is of 
importance in comparing them witli the gills of Limiiliii. 

The process of the (Urther distribution of the tracheae in the body was moat 
probably determined by adaptation to a terrcstl'iat eiistenoe, which led to the 
development of a respiratory system resembling the tracheal system of othci' 
air-breathiiig Arthrojioda. It is well known that the tracheae of the Arachnida 
have repeatedly been regarded as homologous with the tracheae of other 
Arthropods. The lungs were derived i>j those who held this view from tracheal 
tnhes, which bccamo Hatteucd and much wiJened. Such a view swuiliI all the 
more jnattliable, as the tracheae in the Arachnids also (Pseudoscnrpiones, 
Solifugae, Ojiiliones, etc) may he provided with a spiral thread, and may thna 
show a rcatly striking agreement in structure with the tracheae of the Insccta, 
«tc We have already explained that we cannot accept such a view, but ossuiiie 
a separate origin for the respiratory organs of t)ie Arachnida. It should further 
be mentioned that the tracheae of the Arineoe have uo spiral threoil, but lino 
spines on their oiiitinouB lining, these latter occurring in the same way in lungs. 
Another structural peculiari^ which distinguishes the tracheae of the Arachnida 
from those of lasecta, and which is also met ^rith in lungs (Fig. 40,/j, is found 
in the fine fibres of connective tissue wliicli nin out from the tracheae, aiid 
become inserted in other portions of the IkxIj. These are always said to be 
wanting in the tracheae of the Myriopoda and the InsccU (HacLeoi', No. 10). 

The oo-existeuce of lungs and tracheae in the abdomen of the Araneoe v/aa 
Ngorded by Lti'cKHAiiT (No. S) as due to tlie relative amount of space iu the 
anterior and posterior parts of the Arsnei-j abdomen. The broad anterior 
portion of the aMomen admits of more madhive development of the respiratory 
OTgaBB, while the elongation of the poaterioi part cletermines their greater length 
and wider distribution. There is here, therefore, only a partial tmusition to 
tracheal respiration, while in other Arachnida the traolical system alonr is 
developed. 

E. The Spinning Ql&nds and the Poison Olands. 
The Hpinning glanda arise as invngiiuitiona of the ectoderm on 
the fourtli and fifth jiairs of abdominal iimba, which are transformed 
iulo the epiuning mammillae (MoRiN, Luicv, Jaworowsei). [These 
two pair* of aMoniinftl appendages acqnire, at an early jieriod, a 
htmmose form, each, like the primitive nppendogcs of the Crustaepa, 
coiMiBtiug of an axis to which is attaclieJ an inner endopoditc nnil 



an outer exopodite (jAwonowssi). 8])inniiig glands may develop on 
both rays, and it is thus suggested that the primitire number of 
spinning mammillae was eight. No existing Spiders ore known in 
which these eight mammill-te are fully duvelopedaa functional orgaus ; 
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rft. iwUI vHieti: ■• iBdicBlluD uf nimw) frinsnUtluH : fp, (ptanchntc Ikjar ot Ha 



in lAphUtiut (Pocock), however, the full niiml«r ore pre««nt, bnt 
only the four exteroal ones (exop<>dites) poaaess functional spinning 
glands. In the Dipneumones, we find present six functional n 
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milliie, t!ie four large oiiea being derived from the exopoditca of tlie 
fourth and fifth pairs of abdominal appendages, while the smalt inter- 
mediate mammillae are derived from the endopoditea of the fifth pair, 
the endopodites of the anterior pair being either altogether wanting 
or else concerned in the formation of the eribellum or coUuliu 
(Jaworowski, Thorell, Pocock), Keduction appeors to have gone 
furthest in the Tetrapneumones, where it is stated that only four 
spinning mammillae are present, possibly representing the exopodites 
aud endopodites of a single pair of abdominal appendages. In all 
cases, the exopodites exhibit segmentation which is wanting in the 
endopodites. There can be no doubt that both structurally and 
developra en tally the mammillae are true limbs.] The spinning glands 
themselves must, as already stated, be regarded as crural glands, and 
the same significance must be ascribed to the poison fliuids, which 
arise as ectodermal thickenings at the tips of the chelicerae and grow 
inward from that point (Scbimkewitsch). 

F, The Intestinal Oaual and Its Appendages. 

The Rtomodaeum hna already como under our observation as an 
invagination occurring early between the cephalic lobes, near their 
jKislerior margin (Fig. 28 B, p. 52). This invagination lengthens 
posteriorly (Fig. 41 A and B), and becomes differentiated into the 
pharynx, the oesophagus, and the sucking stomach. Strong muscle- 
strands, inserted upon the first and last of these, run to the body- 
wall (Fig. 414 and B, 'im). These are : a strand running from the 
pharynx to the dorsal part of the cojihalo-thorax, another running 
from the sucking st>)iuach in the same direction, and two lateral 
muscles extending from tlie latter to the edges of tlie sternal plates. 

The proctodaenm, like the fore-gut, consists of several sections. 
It appears at a late stage, when the flexure-reversal is already far 
advanced, from an invagination of the last segment (Fig. 41 A, a), 
and grows forward ; widening anteriorly, it gives rise to the rectal 
vesicle* (Fig. 41 B, rb), while a short posterior portion, the true 
rectum, remains tabular. 

• (The rectal vesicle, or slorcoml pocket, usimlly regarded as a derivativB of 
the proctodaeum, was atateil by Kisuihuutk (No. 62} to uriiic rrum the meso- 
derm. Recently be lias re -investigated this point, irhiuli, as he states, is 
iueipticable, and lira been forced to tlie same iKiDclueioii. He Utida in Lycoaa 
and Agaleaa a maximum of Gfteeu pairs or jnesoderm -segments and cavities : 
■nd just alter the degeneration and fusion of the three posterior abdominal 
Hgmenti • new unpaired cavity appears in the mesoderm of the caudal lobo, 
Rnd from this the stci'coial pocket arises (App. to Lit. on Araneae, No. TI.). 
Lavhik finds in Phnmus (A]<p, to Lit on Pediitalpi, No. I.) that the stercoral 
ocket ie derived from tlie •'nteron : he thinks that Kisbinouve was misled by 
idorm in the Araneae. He agrvea willi this 
le from the prootodoemD. — Ed.] 
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The enteron in tlie Araneae arises from the entoderm-cella which 
BJU distributed in the yolk. It begins to form at the poaUtrior 
end of tha body, and in this respect there is it resemblance to the 
Scorpiones; but a similar rudiment soon (or perhaps simuJtaneoasI}-) 
appears ia the anterior part of the body (Fig. 41 A and B, md). 

At a late stage of development, only a few days before hatching, 
there appears at the anterior end of the proctodacum an accumulation 
of entoderm-cells (Fig. 41 A, md), which soon become arranged 
regularly at the periphery of the yolk to form an epithelium. Tboro 
thus arises a trumpet-like structure, closed posteriorly and open 
anteriorly, which is 
the posterior part of 
the rudiment of the 
enteron (Fig. 41 if, 
md). A structure in 
all resppcla siinihir 
appears anteriorly at 
the blind end of the 
stomodacum (md). 
Tliis also arises from 
the yoIk-celLs, whicli 
have greatly increased 
in number. The 
enteron is completed 
when the two parts, 
which grc 
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towards each other 
with their wide-open 
ends, finally unite. 
Tile Bloroodaeuiii and the prcctodacum then fuse witli the enteron. 
But l>eforc this happens another more complicated structure, thn 
liver, makes its appearance. Even before the development of the 
enteron began, a considerablG num)>er of folds (Fig. 42,/) appeared 
in the splanchnic layer of the mesoderm, which (in the absence t>f 
the entodenual epithelium) lay directly on the yolk. These folds 
grow into the mass of yolk, almost corople(«ly isolating oertun 
complexes from the principal mass (Fig. 41, /). In these ifldlltcd 
yolk-comploxcs the formation of the epithelium is eoid to take place 
later in the same way as In the main moss itself, viz., by the yolk- 
cells coming to the surface, and becoming arranged in a regular 
Uyer (t) The epithelium thus formed now lies close under Uw 
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splanchnic Uyer of the meacxlorni. At the points where the isolatetl 
complexes remained connected with the principal mass of yolk, the 
efferent ducta of the liver arise. The lobed structure of the latter 
results from further bulgings of its wall. There appears to be some 
oonfusion regarding the origin of the caeca of the thoracic gut, they 
ore probably entodermic (r/. p. 91). According to Loct, these caeca 
<if the stonmch extend (in Agalena) into the bases of the limbs, a 
feature which would strikingly recall the Pantopoda. 

The linol shaping of the intestine doea not take place until a l.tte 
ett^. When the Araneid hatches, tlie two principal rudiments of 
the enteron have not yet united ; the chief part of the yolk is 
still present, and the young animal cannot therpfore feed indepen- 
dently during the first part of its froe life. 

The romiBtion of the intcBtino is treatiKi in a BoiDenhat aimilar niannvr l>y 
Loct and li; MoniN, n-hoae sccaunts ore also in general agreement with tIio«e of 
BjtLFOrB and Schihkewitsch. The few points on which these authors iliHVr 
are not important. We nuist, iioiravor, duvoto wnie itleiition to nn imjxirtant 
appendage of tlie intestiiie, the ao-called Malpighisn vessels, as to the origiu nf 
which tnthora differ. 

Two long tubular appendages of the intestine, opening into it 
almost at the point where the metenteron passes into the proctodaeum, 
are regarded as Halpighiaji vessels. In describing the formation of 
the proctodaeum, it was mentioned that it widens to form the rectal 
veaicle, also known as the cloaca. In A'jaiena, in which this jwint 
hfts been best investigated, the rectal vesicle lies dorsally, for the hlinil 
«nd of the ent«ron becomes conuected with the ventral wall of the 
proctodaeum somewhat far back, bo that the greater part of the vesicle 
lies in front of the junction of these two ])Drts of the intestine. In 
Theridium and PhoUtie, however, the enteron opens into the anterior 
end of the vesicle, if we may judge from Mohik's figures (Fig. 41 U). 
It appears to be very diOicuU, after the union of the enteron and the 
proctodaeum, to decide to which of these the different porta belong. 
This accounts for the different opinions of various authors as to the 
point at which the Malpighian veeeels originate. While BALFOun, 
ScHiUKiwiTscB, and Morin state that thoy arise from the procto- 
daeum, Locy and Loman consider them to be of entodermal origin. 
The statements of these last two authors are more definite tlian those 
of the other writers named above, the former having paid les» 
special attention to this point. 

Locv sUtcB with coD^derable cerbiinty that th ]>[a1[ gl an esseU arise rroni 
the tubular tectian of the posterior nidinient of the n ron and Lomak fnuiid" 
his dacided oinnioD of their vntodermsl nstura on he b s 1 gical c 
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ut tlie iateatine and tUe poaLtion of these vessels in the itdiill. Wc cuiuol, 
however, regard this jioiiil as Tiillj establisheit, althougli our own invest igttions 
made the entodermal character of the tubes appear liighly prolaMe.* Furthw. 
it hsu leeiL dshuitalf etnted tlint tlie Malpighian vessels of tlie Scorpiones uim 
liiiiii tl>« BUtoderiu (p. 20). aud ire regard the aUtcmenta mode as to their «c(o- 
dirmal origin to be fnv Usa trustworthy. 




blood -cartiuKlei : il. jtMi: dt, 
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■ deriration of the M-called Halpighian vmnU from mesodenn-almidl, 
S ihat of tbv »rUl Twicle from an unpaired coelomic mo belonging to tb« 
Mwdal t»gion (KisHixDi-VK. No. 82) are, from what we knnw of llie muiB«r ol 
origin of these vessels, so improbable that wa need not enter further upon lt.t 

* tn scctiona of yonne Araneidi (T^ifenaria ilontftlica), which wen U>dlr 
pUc«d at onr disiiosal liy Dr. A. BxArEa, the fomution of tlie iiilestini) folhnrw 
the oourae described alioto for Jijaienn ; the posterior tninpel-ahaped mdincnM 
>it the eateron bad ali'ead^ ogieued rentrally into the |iroctodaeuiu. It KppmmA 
rsa<-tly (I if the Ual|iigliun tubes arote from an cntodemial put, but this |oint 
wn only be dwided wttli certainty at a sonienhat earlier stage when the ■at***' 
and llie proetodaeuui art not yet unite<l. From the length of the lubM M ._. . 
■• under eunsidrration, we may coaclnde tliat their rudiment is lo be foitad 



t [Set fooMioH, p. 81.— Ed.] 
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Should it he proved that tho Malpighian vessels belong to the 
enteroD, we should hove another argument against a close relationship 
between the Arachnida on the one side, and the Myriopoda and 
Insecta on tho other. Tho Malpighian vessels must then be regarded 
as resembling tho appendages of the entetoii in some Crustaceans, 
and couid no longer be compared with the synonymous vessels in the 
Insecta, 

The Mesodermal Structures. 

The still uneegmented gemi-band (Fig. 23 C, p. 46) becomes 
distinguished from the rest of the LlastoJerm partly by the cylin- 
drical nature o( 
the ectoderm -cells, 
and by the growth 
of the subjacent 
meaoderm ■ layer. 
This latter is at 
first a continuous 
band, which, as a 
single layer, occu- 
pies the whole area 
of the germ-band 
(Fig. 43 I!). It, 
however, aoon 
becomes multi- 
laminar by active 
increase of its 
cells, and now 
undergoes difier- 
entiatioQ into two 
mesoderm - bands 
<livjded by a slit, 
which appears along the middle line (Balfouf, Loot). This 
occurs at a time when the germ-band e.tternally shows division 
into six segments (Fig. 25 A, p. 48, and Fig. 43 A and C). The 
external segmentation seems to precede internal segmentation ; this 
latter, however, soon takes place, the mesoderm'bands breaking tip 
into the primitive segments in which the segmental cavities appear 
(Fig. 43 A and C). Spaces, entirely free from mesoderm, occur 
between the consecutive primitive segments (Schimkewitbch, Moms, 
Fig. 43 A). In the cephalic region, and especially in the caudal 
region, where the difl'erentiation of the mesoderm into primitive 
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segments occurs lost, the two meaodenu-bands are connected. 
Dilfetontiation takes place ftoni before backward, eTcejit m tb* 
most anterior segmeuta, which, as already raeiitioned, in the Ataneae 
as well aa in tUo Seorpiones, become distinct somewhat later than 
the following eephnlo-thoracic segments. The number of the primi- 
tive segments corcesponds to that of the body-segments, one pair 
of the former occurring in each of the latter. The cephalic lobes 
aho contain pairs of primitive segments, as the descriptions of 
Balfodr, Moris, and Kisni.souTB undoubtedly show. Here, again, 
we have a resemblance to the Seorpiones (Fig. 13 A, p. 22). In 
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tlio cephalo- thorax and also in the abdomen, as far as the Utter 
possesses appendages, the primitive segments extend into the limba ; 
indeed for the time tliey withdraw almost entirely into the timhe 
(Figs. 44 and 4.'^ A). The mesoderm-bands naturally also take part 
in the displacement undergone by the two halves of the germ-hand 
ill consequence of the pressing forward of the yolk-maes to tlw 
Teiitral side. Wliereas they formerly lay near the ventral median 
line (Fig. 43 C) they now appear removed from it, and divided hy 
the so^ieii y.-Ik-snc (Fig. 20 A, p. 53). The segmental cavitiea 
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increase conBiderably in size, the primitive segmenta extending 
towards the dorsal aide (Fig, 45 J1). This process exactly corre- 
sponds to that we have already met with in the formation of the 
coelom in the Annelida (Vol. i., p. 289). 

The following are the derivatives of the primitive segments ; — 

1. The somatic layer gives rise to the body -musculature (as 
thickenings near the ventral middle Une of the abdomen), the two 
strong longitudinal niuselcB being specially noteworthy, and also 
to the subcutaneous coniiectivo tissue. According to ScBrMKEWiTacH, 
the endoskeleton also is derived from the somatic layer, but this 
statement we give with reserve. The covering of the parts arising 
through invagination of the ectoderm (atomodaeum and proctodaeum. 
Lungs, glands), together with their musculature, thus the strong 
musculature of the stomodaeum, already mentioned, is also derived 
from the somatic layer, 

2. The splanchnic layer gives rise to the covering of the enteron, 
the blood- vascular system, and the genital organs. 

The coxttl glands are probably related to the mesoderm and coelom, 
as in the Scorpiones (pp. 24 and 92), [f/. Brauek and Purceli,]. 

G. The Blood-vascular Srstem and the Body-cavitr- 
The Blood-vascular System. At a lime when the limbs have 
already developed, tliure appear, alwve the piimitive segments, 
between the ectoderm and the yolk, large round cells (Fig. 45 A 
and B, N), concerning whose origin there is considerable difference 
of opinion. 

Baltodr derived tlicM cells from the yolk-aella. To ths latter he siso traced 
the origin or the dorsal mesodenu (Fig. 29, p. 53). Thta last asaimtption wag 
refuted by Scbimkewitscii, Locr, and Monix, who agres in stating that the 
primitive segments extend to the dorsal middle line. The cells which, at Utet 
Btngee (Fig. 29), are found dorasUj, as in Figs. 4S B aud 40, therefore belong 
to the primitive s^{menta. Itiit, besides tiieso, there are the large round oella 
mentioned above (Fig. 15 J and .5, bl), and with rejiard to their origin, 
Sthikkxwitwh and Locr agree with Balfour, deriving them from the 
yolk-cell*. Kishihoute has recently adopted tha soino view, which scenis 
in Bcoordsnce with the constitation of these cells. They are much larger than 
the cells of tho primitive scgmettts (Fig. 45 J and B) ; wo might, nevertlielesa, 
like HoBlK, derive them from these, and assume that they had separated from 
tike primitive Mgnieuta in an early stage, when the cells of these segments were 
theniKlves lai^r. Better nourishment nwr t!ie yolk as the cells increased 
in number would also determine increase in size. This view is further supported 
by the foot that they are found in the cavities of the primitivo segments 
(ScBRfKEWiTSCU). This latter author, indeed, thinks that they reaeh these 
cavities from the yolk by breaking throngh the wall of the segment, but tliis 
view seems improbable. 
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ARACBNIDA. 

So long as the origin of tliu iBoktiMl L-t-lls lying ln-tween tin- 

ectoderm aud tlie yolk is not de&uitely oBtablislicd, we niay regard 

them namesiMlerm-cells, 

VV ^h. and we sre esimcuUy 

inclined to consider 
(hem DB derivatives of 
the yolk -eel Is from K 
comparison with simi- 
larly related cells found 
in the Vertebrate, which 
are there undoubt«dly 
derived from ihe yolk. 
These isolated cells 
eventually bccom« 
I'looii-corpuaclefl, They 
collect doreally during 
the upward growth of 
the primitive segmentn 
(Kig. 45 //), and, lu 
they press somewhat 
closely against one an- 
other, they form (especially in tljo abdomen) a i-oni]>a<.-t strand of 
cells which prevents the junction of the primitive eegmeuta in the 
dorsal middle line (Fig. 46, tii). Subsetjuently the mesoderm grow* 
between this strand and the ectoderm, and thus the two primitive 
segments meet to form a partial dorsal mesentery. At a lat^r period, 
the walls of the primitive segments grow between the yolk and this 
strand of cells, and imitj; with one another below the latter (Kigs. 4S 
and 17 A). This strand of cells has consequently become enclosed 
by a layer of mesoderm having the form of a longitudinoUy-pUeed 
tube, which is at first attached to the somatopleure above and the 
splanchnopleure below. The tube soon loses its connection with its 
parent meeodcmi (Fig. 47 li), and we now find a continnous layer of 
mesodeim (somatopleure) lining the octodcnn, while another layei 
covers the yolk (epianchnopleurc) ; between these two la)ers is the 
body-cavity, tn which tlie mosmlermal tube now lies freely. This 
tube is the heart, and, so far as eau be judged, it is fonued directly 
from the walls of the primitive segments (Scoimskwitsch, Loct, 
MoBlN (Fig. 47 A and H)). Aa a couse<jiieni-e of the development of 
the heart, the primary irontinuity of the cell-elemenla of the 
primitive segmcnU becomes interrupted at this point (Fig. 47 B), 




TUE BLOOD-VASCOLAB eVBTBM AND THB BODY-CAVITY. »9 

(Compare with the development of the heart in the Auiielida and 
in the MoUuBca.) 

The isolated cells nhich had liecome grouped together into a atniiid become 
blood -oofpnscles. Their crowded condition wid their oitreniely clow oauueo- 
tion with the walls of the primitive segments luggested the idea that the 
heart was derived from a solid meaodenual strfiud extending along the dorsal 
middle line (Balpouh), hut this view cnnoot lie verified ; the formation of the 
heart m«; 1>« directly eompai'ed with the similar process in the Annelida. The 
cavit; of the heart eorrespotida to n pari of A; j-rimary bodii-an'ili/, cni-losed on 
e«eh side by the iirimitive segments. 




The heart lies in a depression of the yolk (Fig. 47 B). Tlie 
latt«r is covered only by the apJanchnic layer of the mesodorm, ns 
the entodennic epithelium is still wanting. From this part of the 
splanchiiopleure, a meBodemial lamella is said to Beparnte and grow 
round the heart to form the pericanliuni (Schimkiwi'tooii). The 
alary mitaclcs of the heart are then formed from the somatic 
mesoblaat. The pulmonary veins atise as outgrowths of the peri- 



cariliuni, while the antetior nnd posterior aorlae, as well aa the 
lateral arteries, oTiginRte m prolongations of the heart or as out- 
growths from it (Schiukewitsch). 

While the c&vity of the hfl»rt appears to be a part of liiu primary lioiiy-oarity, 
the |>ericardul space, according to Schimkewitscr, corresponds to a [wrt of 
the scconJary l>odj-caTity, The pericardium in the Araehnida fornia a tube, 
and is not ronparabU with the eirnonyinoiia itructure in the Insecta. Bat 
l>efore we ran make any delinile statement as to the nature of the perioardimtl 
we luuat have a more exact aCL'ouut of ita origin. 

The Body-earlty. In the Arachnids, as in other Arthropodo, tlie 
blood- vascular system is not separated from the body-cavity, but 
the latter is directly connected with the circulation of the blood. The 
methoil of development of the body-cavity in the Arachnids is, 
however, strikingly different from that in the Crustacea, Myriopoda, 
and Insecta. While, in these latter, the primitive eegmente are not 
large and soon under^ degeneration, in the Arachnids they are 
almost as largely developed as in the Annelida (Figs. 45 and 46). 
The primitive segments nre nlso highly developed in Peripaius to 
begin with (Fig. 100), hut this form roeemblcs the InseclA in thai 
the segments very soon cease growing, and after a rich growth of 
cells undergo early disintegration. The adult body-cavity forms (as 
a pscudocoele) outside the primitive segments. In the ATachnidB 
it forma somewhat diflerently; it is, however, dillicult, from th» 
statements before us, to arrive at a satisfactory judgment, since 
little stress has until now been laid upon this point. It is certain, 
however, that the primitive segments are of rormderable nze even at 
a »ometchai advanreil ttage of decelopment (tigs. 4G and 47). 
Between the somatic and splanchnic layers of each primitive 
segment there is a rather large cavity, and we must assume that 
when the union of the segmental cavities takes place this passes 
direct into the adult boily-cavity. It is true that here, also, the 
iMxly-cavity would not retain the coelomic epithelium up to the hut, 
but the wall of tlie primitive segments would also break up (Figs. 
47 A and B, 41, p. 80, 4*2, p. tS2), yielding the muscular anil con- 
nective tissue elements, so that at last, in the Arochnida, a condittoa 
would be reached aimilar to that attained at a much earlier stage ia 
the development of the Cnisiocen, Myriopoda, and lusecio. 

The segmentation of the mesoderm begins to disappear when the 
primitive segments have grown to a considerable sice and the 
embryo itself is near the st.ige illuslrated in Fig. 27. Tlie segmental 
cavities unite in the cephalo-thorax nnd the dividing walla (diasepi- 
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menls) grnUiially disintegrate, tlio cells falling into the body-cavity 
(ScHlMKBWiTSca). These cells probably gire rise to blood-corpusclep. 
Thp primitive segments of the cephalic lobes seem already to have 
fusetl with those of tbe cheliceral segmeut, at least Schimkbwitsch 
flpenks of a connection between the two which, however, he explains 
in auolber way. 

ir we unilerstand Scrimkewitscii rightly, lie KSfnimcs that the pair of 
primitiTe segmelitB in tlie clielicenil fiegmeut sriss by diTiBion from tlie pair 
in tli» he«(l ; we shimld lie (nore incliued to assume the opposite of tliiB, i.ii., 
an e^iteuHinn of the first trimk-segment into tbe cephalic region. It, hoirever, 
nppears froni the accounts aoA figures before us that the cephalic and cheliceral 
si^nienta undoubtedly have separate primitive segnient& A uiiion of these two 
pairs of aegnients, like that deecribed by Kt.einekbbbo for Liimbriau, irould 
then take place. 

The two segmental cavities of the head become united ; such a 
union of the cavities of the two sides must take place in the trunk 
nlso 03 » result of the processes described in connection with the 
formation of the heart {Fig. 47). This at least applies to the dorsal 
aide ; on the ventral side, the primitive segments are at first still far 
apart (Fip. iS), but they shift gradually towards the middle line, so 
that they linally extend ronod the whole mass of yolk. In the 
tibilometi the primitive segments remain separate longer, a fact 
which is in keeping with their later differentiation. Even when 
they are fused together, the mesoderm reprcHenta two extensive 
layers passing into one anL.thet — an outer or somatic layer and an 
inner or splanchnic layer; between these is the secondary boily- 
cavity (Schimkewitsch). 

From the spknchnic layer, the folds already mentioned in con- 
nection with the formation of the intestine grow into tbe yolk 
(Fig. 43, p, 82], in this way cutting off from it isolated masses 
which correspond to the later hepatic lobes. We should like here 
to draw special attention to the important fact that the yolk is so 
long a time bounded solely by mesoderm (Figs. 46 and 47), and 
that the epithelium of the enteron develops very late (Fig. 4], p. 80); 
indeed, the mapping out of a large part of tbe enteron, that of the 
liver, seems to be comnieneeJ by the mesoderm. 

Whether the distribution of these folds correaponds to a true segmentation 
■ppoara doulitful. althoagh lUis might be iudicatod by the Bpi>earsDce of four 
Uter»l folds in the cephalo- thorax. It appear* that these correspond to the 
thoracic caeca of the enteron (?|, for in the abdomen alio a number of folda 
ooour, and it ie these prineipolly that give rise to the form of the liver (MoBls). 
The folds which peuetrate the yolk not only come from the side, but from 
above and Ix'loiv, and thus rt'pre^i'nt oblique as well as longitudinal layers 
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) llieiu liack, lu BAtrol^H 



(ScHlUKBWiTscn), so that it in impassible (a 
■tteiDpted to do, to the {wrtition nails of Ibe n 

X structure resembling tho Tat-bodj of the In«Mla vrhicli ii Jireaeut in 
the bod;r-ca<rity (Kay Lakkesteh's Iscunar hlood-tiMUc) is, iwpotding U 
ScBiXKEwiTSCH, formed, like some of the blood -corjinicles, out of tho ]rolk* 
cells which immigrate into the body-cavity, and thrse cells also ar« Hid b> 
beeoDie uratigivi into & " pcritoueal " Uy er, which Fuvelojis the intenul orguitu 
In both cases we should, after wliat has already been said, feet disposal In 
derive those structures from the mesodemi, i.t., fiom the jirimitiTe segmsiiti^ 
although such ■ derivation vould have to be estabtiBlied by further rea«anihe*^ 
Whore a peritooeuiti is present, it would be of iutercst to learn its mlatiaii U 
the primitive coelomic eiatheliuni. 
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H. The Ooxal Qlande. 
The coxal glands, vhich we sitnll d«s*:iitH> ns they nre fouoil in 
the nlreAdf hatched Amneid, show great lest^iulilauco to those of 
Seorpio, and no doubt arise in tho anme way aa in that animaL 
An actual efferent duct has for tlio inoat piirt only been proved to 
exist in young Aruneide, where it ojwns at the base of the fifth 
pair of Bpitcndnges (Bkutiuc, No. 51). In the young of Alifpv, 
BiBTKAC found, on the anterior pairs of liiubi, i.e., tliird and fourth 
pain of nppcndar;cs, slita corrcspouding in appearance and position 
to the apertures of the coxal glands on the fifth pair, and tiat led 
him to conclude that there were origitially several jNiirs of thew 




KtstiiKorvE's derivation of the coihI gUo'ls from ui ectodermal invsKinntion 
tvhich lengthens into a tub? is not onlj' inuonipatible with their origin in the 
Scorpion from the mesoderm [p, 21), but also with their relation to the body- 
Mvitf. According to KiaBixoircK'B ova statORient, the tubular rudiment of 
th« cdxbI f;laad openi at its inner end in the shapt of a faiintl into the eoeloin, 
so that the accepted view that these glunda are iiephridia ia confirmed, provided 
the aecouula given are correct. If these glands are ectodemial in origin, then 
Chef must be regarded, not as coxal, bnt as crural glands, and n'e wonld expect 
them to end blindly. 8rrE*NY (No, 14), the most recent investigator of the 
ooxal glands ju the ArtcUnida, considers them to be ne]<hridia. If his cod- 
jecturo tbut they end in a terminal sac as in the CmEtacea proves correct, the 
latter would no doubt corres|>oiid to a part of the body^cavity. We refer the 
reader to our account oF tlie coxnl glands in the Scorpionea (pl>. 24 and 87). 

I. The Oenital Orgfins. 

According to Schemkewitscb, the jjeiiibil organs arise in t!io 
anterior part of tlie abdomen, witliin the two longitudinal folds of 
the Bplanchnic layer, wliicL have risen up into the yolk from the 
veatnl aide. In the median layer of each of these folds an ovoiil 
thickening appears (Fig. 48 A). This consists of large central and 
Hat peripheral cells, the latter representing an enveloping epithelial 
membrane (Fig. 48 B). The anterior end of the rudiment curves 
round towards the ventral side, and is said to correspond to the 
eSerent ducts, while the rest represcntB the germ-glands. When 
the young Araneid hatches, there is still no communication between 
the efferent ducts and the exterior ; this is established later by 
means of an ectodermal invagination (Schimkewitsoh). 

{PuftCKLi. (App. Lit on Aroneae, No. VII.} traces the ducts to tubular growths 
uf the abdominal mesodermal segments ; the openings of these ducts into the 
coelom iHt-ome connected with the genital cells ivhich grow forward from the 
posterior end of the gemi-bond. Similar structures develop in all the abdominal 
npprndages, but only ihoae on the second segment [lersist. He regards them as 
modified nephriditt.] 

VII. Acarina. 

Oriposition. The majiTrily of the Acarina lay eggs, a few {e.g., 
Hahirarhne) are said to be viviparous. Some (e.j., Seutoceiifx) 
appear to he viviparous at certain times of the year and ovo- 
vivi|iarouB during the remainder of tlie season, others are habitually 
ovo-vivi parous. The Acarid egg is surrounded by a more or less 
strong shell, sometimes covered with prominences ; in many species 
this protective shell is extremely thick and traversed by fine pore- 
lanala.* The eggs are deposited in various places, according to the 

• [According to Tbovseaet (App. to Lit. on Acarina, No. VII.), the feniale 
of Syringnbia fAdqpus among the pluniicolous Sarcepiidtu at times reprmkces 
parthogenetiually ; the eggs thus prodaced in the abMaco of males have no 
»hell«.~ED.] 
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hobits of the parent. Thoy aro fdund iu ilecnying wood, in damp 
earth, on the under eurfaces of stones, in dung-heaps, on luvee, 
fruit, etc. Some, but by no means all, jiarasitic forms lay their 
eggs on or in tho body of the host. The eggs are at times laid in ■ 
heap, at other times separately ; in the latter case they are often 
stalked ;-those of MijoUa mueculi have a procesa at the posterior pole 
by which they are attached to the fur of the mouse. According 
to Uai-lib, many Oribattdae carry their eggs attached to their backt^ 
others are said to lay theni in a part of their cast-off cliilinous 




'liTiKnUtd bT cl(U dMlot 



integument' Tlie form of the eggs is most commonly elliptic*! 
{Fig. 50), Boniolimes oval, and more rai'cly globular (Fig. 49), « 
even discoidal For llieir sw, they ate ritiily providetl with food- 
yolk. 

1. EmbrroitiG Development. 

The embryonic development in these eggs is difficult to follow 

on account of their minute »ize, and is therefore not well known. 

* [Neitber of th«ao uiertioiiB ia iguite correct. Tbe cairjiiig or the cgp !* 
•Itnoat Mitiraty couGned to the goDOs Vamaria—it u meat couinotily the 
iuunahin individuals, not thi> adulta, irhich piU the rgg* on tbuii ba«u : it 
is UMllfMt that it thin ptriod tliey cannot have any eggt, ol tlicir own to oafn. 
What hanpeni ii that the larvae are Ixini with suft alidnnieiu, aiid hara tb 
itwlinct or piling apon their Inoba dirt, mbbisb, ttc, lu ■ {irotrclinn : lb«y will 
t<iok up and carry tlic eggt and (mpty egg-ihrlU, from wliii^h thpj may tliMi- 
wlrei bavo emcrgwl, bat thoj will ooually pick up and carrv thv r^ of oth<r 
Aearina. Tbo atatcment cantvmiiig tneejigi being found id uiccaat iutegument 
hu oeVBT b««a coiiflrmed, and u very dunbtfuL— Ed,] 



EMBHVONIC DEVELOPMENT. !)5 

CLAPARfeDB'H account (No. 77) ia still the most complete* According 
to this writer, in Tetranychue tdariiu, the nucleus, surrounded by 
formative protoplasm, rises to the surfnce of the yoik (Fig. 49 A) 
and soon divides. Repeated division (Fig, 49 D) gives rise to a 
large number of nuclei, each surrounded by an area of protoplasm. 
The nuclei remain lying at the surfncQ of the egg, and by increasing 
still farther in number, they, with the protoplasm around them, give 
rise to the blastoderm (Fig. 49 C). 




the nnt Urral lnt(«iimeat In Vyoblu 
WHnll it.not CunseiiE. tttm Baltodb's Tut-tool), In D, the egg-Inf guniont has Bplil. 
iDd the •mbryo, MUTODmled by the fliit lunl integaiiient, li In the icC of leaving the its- 
1)1, chellcetu; jd, iitdl]Blpi: ti>-|i^. the Dnt three inlr^ of limbs; pr, |iroho«li (which 
hu arlKn throDgh the ftnlon of the chellcena iaA Uie pedlpilpi); I'-r*, laut pMtonil 
•rflinciiM. The yolli Li TepreMUlId fay tfaa ilsilfHr asm\. 



XtxotAiafi to Robin kuiI KUomih (No. lOj). total olonvage ocaura in the 
eggs of the Sarcoptidae. The e^^, wbilo utill in the oviduct, v,aa seen to broati 
up into four eleavnge-spheres. This, if correct, reniiods us of the coiiditiou 
described in the Araneid egg, which, liowever, does not there lead to the 
complete division of the egg into cl«avag«-s|!heres, Total clwvage is uid to 
t>e andergone sUu by the egg of Chelifer (p. 26), nud the t>anie bus been main- 
lained, at Ie«t nl a later stage, of the fgga of the 0|iiliouBS also [p. 32). 

The blnstoderm was examined in a number of Acarinit, und always 
coDUsted of a thin single layer of cells enclosing the yolk. As it 
tlcrelops further, thickeninga take place at points corresponding to 
the future ventral surface, especially in the cephalic and caudal 
regions. The germ-bund thus arises here (Fig. !iO }i) in the same 
way as in other Arachnids. At firat it is an cfjually thickened 
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httnd, but later it breaks iiji into two aymuietricol halves, a ridge 
of yolk pressing outwards in tho medinii line. Here also tLere is 
agreement with the Araneae. Tlie germ-band soon becomes se(nnent«d 
(Fig. 50 A). The cephalic lobe, which, in Mijobia as in the Araneae, 
uuives over to the dorsal sii.ic (Fig. 50 B), and the caudal lobo 
Income segmented off from the trunk. The part lying between 
them, which corresponds to the cephnlo-thorax, is divided up into & 
number of aegtnentB, the truncated rudiments of the roouth-iiorta 
and limbs soon appearing on these (Fig. GO B). This segmentation 
is leas distinct in otlier Acarina, and, as is well known, eventuaUy 
djsappenrs. The abdomen ia still 
comparatively lat^ in sncb ad 
embryo ; in many Acarina it ia 
much reduced, or is united to 
the cephalo-tborax. 

Before development boa pro- 
gressed thus far, a delicate strac- 
turelees integnment separatee, in 
Atoi-, from the embryo, and 
surrounds it, like a second egg- 
intcgimicnt, in the form of a 
eloseil envelope (Fig. 51, dm). 
In other Acarina, tbia procoss 
only takes place later, when tbe 
limbs are already present, ao that 
these are found on tbe envelope 
in the form of sbeaths surround- 
ing the actual Kmbs (Fig. 52, dm). 
This delicate envelope, thongh separated from the embryo, is thns 
seen to be a true larval integument. 

The embryo is now encloscil in a double envelope, and tbo doraal 
surface which, up to this period, showed little signs of development, 
being covered only by a thin coil-layer, now commences to darelop 
by the growth of the mesodermal elements Cowards this surface. 
The yolk (or some time longer retains its fonuor appearance (Figa. 
SO-53), but wo must no doubt assume that the formation of entoderm 
liaa already begun. Nothing certain is as yet known of the develop- 
ment of the germ-layers au<l the rudiments of the organs In the 
Acftrinft. The limlM of tho t^mbryo lengthen (Figs. 51 and S3 A) 
and become segmented (Fig, S2). In the stage dopicled in 1%. SI, 
and mora e^eciiUj in the following slogea, the embryos of many 
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TOE FORMATION OF THE LARVAL INTBfllJMENTS, 

Ac&rina show great resemblance to those of the Araneae (Figs, 51 
nail 57 A). The chciicerae and pedipalps unite to fonn the proboscis 
(Fig. 53).* The abdomen (in Atax) now decidedly preponderates 
over the anterior part of the body (Fig. 53). There are only three 
pairs of limbs when the embryo breaks through its envelopes and 
b^iuB free hfe (Figs, 51-53, j'i'Pi)' "^"^ *'"'* &ni, in the Acarina, 
a lonral stage with only three pairs of limbs, as distinguished from 
the four pairs of the nymph and of the adult, which, in other 
pointa of both outer and inner organisation, the embryo greatly 
resembles, t 

2. The Formation of the Larval Integuments and the 
Further Course of D«Telopment, 

It was mentioned that, in many Acarina, e.ff., Atax, the embryo 
casts off a cuticular integument at an early sUge when the limbs 
have not yet developed or are only indicated. CLAPAnfeoB's deiU- 
ovum is thus produced, the embryo within the e^-shell thus 
becoming enclosed in a second envelope (Fig. 51). The resemblance 
of the "dentOTum " with the embryo enclosed in it to an intact egg 
is increased by the fact that, after casting off the primary egg-shell 
(eh), the embryo undergoes further changes in its external form within 
the deutovum. In Trombidium and Mijolia this cuticular membrane 
is cast only after the rudiments of the limbs have appeared (Fig. 53). 
Id Trombidium, this membrane is provided with appendages which 
surround the limbs like sheaths (Hi^neing), but this is not the case 
in Myobia. Here the limbs form in the usual way (Fig. 50 D), but 
when they hove grown to a considerable length they become applied 
to the ventral surface of the body, and gradually become flattened to 
such a degree as hardly to project from the surface of the body. 
The whole embryo is once more oval and apparently devoid of 
Appendages (Fig. 50 C). At this stage a cuticular membrane becomes 
detached from the embryo, bearing near its antero-dorsal extremity 
(in the nuchal region, according to Clafak^db) a tooth-ICke structure, 
composed of two thin chitiuons processes closely applied to one 
another. This structure is not well Jepicted in Fig. 50 C and D, 

* [ThU IB tme of tlio forma dewiilied by Henkijio, bnt bj no meaus bold* 
good for all tlie Ai^uiiu. iu tlie majority of wbiuh the ubdiccrae remain *a 
perfectly distinct and moTable organs.— Ed.] 

t (In the Phyloplidae thu adult his oul;f two jairs of legs. The larvie and 
oyniplis do not tlwf^s tt'svtubk the adults in other respects, for instance, in the 
Or^atidat, tbey diner eBscnlmlly iu citt^rnal appearance, aad the adult baa a 
well-develoiwd trachea! syatem which is entirely vfauting iu the larva. — En.J 
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wheri! it appfifirs more like n slit (at l!ie left side of the inner 
envelope). CLArARkOB thought Ihttt the tooth served for splittiitg 
t1i« envelopes. It thua 
/t^. cfi ■ performs the same func- 

tion aa the egg-tooth of 
the Araneae (p. 56), hut 
it need hardJy b« pointed 
out that the difTeKDCe 
ill pi>sitii>ii of the two 
striicturea makes it iin- 
{>u^si)ile to boniologiM 
tht-m. We might rather 
com [HI re the structure 
jvi^t described with the 
■.■)^i^-toolhof theOpiliones 
(p. 33). 

The embryo, sur- 
rounded by the cuticnUr 
membrane, emerges from 
the egg-shell {Fig SOD), 
which, however, con- 
tinues to surround the 
greater part of it. This recalls the cuticular membrane in thr 
Arancae, which forma under the egg-shell and encloses the hatched 
and still motionless embryo. The limbs now grow out agsin, but 
are reduced as before, and a second cuticular integument is cost off, 
so that the greater port of the egg is enclosed b,v two integuments as 
well as by the cgg-sheiL The tritovum of CLAPAiitniB is thus formed. 
Within it the embryo attains the sixdimbed form in which it finally 
emerges. 

In the secretion of two envelopes within the egg in Sljfobia we 
have a specially complicated process. 80 fnr ns is known, only one 
such envelope usually forms in the egg (Fig. 51), We must iirobably 
regard the formation of these envelopes as a very early moult, which 
no doubt originally took place during larval life. This view is 
supported by the fact that, in the further course of development, 
several similar moulla occur. Tlie embryo miiy also actually le«ve 
the egg surrounded by this first lurvnl integument. In Myobia, 
tJamacu*, etc., tho egg-shell is only split so as to allow a part of tli« 
"deutovum" to emerge (Fig. SO D). but in many other Acarina, 
e.g., Alax and Trombidium, the egg-shell is ^uite cast off, and tha 
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embryo (or larva) continuea to develop, surrounded only by the 
cnticular deutovum (Figs. 52 and 53, A and B). Tlie limbs only 
now become jointed, the eyes appear, and the inner organisation 
becomes jierfocted {Fig. 53 B). 

The eggs of Atax Bomi are nauallj laid on the gills of the Lamelli- 
branch {Unio) in wliich this Acarid lives for a portion of its lite. 
When the embryo is sufficiently mature, it breaks tlitough the 
deutovum and, as a eix-Unibed larva, passes into the respiratory 
cavity of ita host. The larva of most Acarina lead a free life. 
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The fomiatioD of larval iiitegiinieiite witliiii theeggrecnlln tliPiirocessEsnhkli, 
under »imil«r circumitauoes, take place in the Crualucea. Tlie early secretion of 
tbv cutiuaUr cDTelopea, as, Sat instance, in Aiax, finds iCa analogne in the 
fomiation tif tlio blastodermie cuticle in many Critstacea. The sac-like enve1o|>c 
recura in Apiit, the onibrjo of whicli leaves the egg enclosed in such an envelope, 
And ttithin it probalily [uisaes through jiart of iu develogiuicnt until it reaches 
the Siiupliai KUigf, There are other Crustacean larval integumcuts n'liich form 
vuly at a later stage, as in some Acarina, and which arc conscquEUtly alrcaitj 
j)Taviiled with appendages (^. VoL ii., p. 1I£). 
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ThB Larva. 77ie he^ajiod Aewid lai'va sliows a strong g<?nonl 
resemblance iu atnicture to the adult.* This is especially the case 
when the manner of life of the larva is the same as that of the 
imago, as, for example, iti tlio Halacaridae (Halacarut tpmifer, 
LoHKANN, No. 93). The same resemblance occurs in many Trvtn- 
hidii-lae, while in other members of this family the larvae differ in 
Structure from the adult. The larva is chiefly distinguished from 
the adult by the more primitivo chiiracter of its organisation, 
eepecially of tlie segmentation of the body, In the embryo of 
Tyroglyphts tiro there ia, tit the posterior part of the cephalo-thonx, 
a distinct division into three segments, which can still be found in 
thu larva (Clapar&DB). These segments correspond to the pain 
of limbs. In the larva of Trombidium, the cephalo-thorax shows 
six segments conesponiliug to the jmirs of limVis (Hknking). Seg- 
mentation even np^iears in the abdomen in Trombtdium (Fig. SS) 
and the Orilati<tae (Heskino, Michakl, No. 97). This part of th* 
body is then larger than in the Gammnt^ larva illustrated iu Fig. 54. 
The abdomiaal segmentation may also be retained in some caaes, 
like that of Alyaui ro»tu» described by Kraxer (No. 89). In this 
Acarid, the abdomen of the adult fenmle is marked out into seven 
distinct segments, and segmentation can also be recognised in th« 
tliorax. Segmentation of both cephalo'thorox and abdomen seema 
also to take place in members of the genus Tartonymtts {Oendroplut, 
Kraueii, Noe. e^T and 88). 

Aocording to HAi-Lin {Ko. 83) and Oitdkmaks (No. 11). the Acarina r°— * 
(mm llu-ee to Tour pain of luonth-pu'ti, ■ greater number tluui liu bithfTts 
b«ii usamcd. Ontogcn«tiolly, bowever, thu riew is not 8Dpport«d, m otJjr 
lb« rurJinnnts iit the two well-ltnown paint of njaulh-parts (chelipcnc and 
|>«itil«l|H) are recngniwble (Figi. &1-G3). It u now generally admitted that 
II.(i.LSii wu in error in hia attempt to prove that tlie Acariiia had two |*!r« of 
niixillae like the Ius«cta. 

Tb» frequent appearance of a Rirrow between tlie second and third l«0i ha* 
lr<l many observer* to couolude tliut tlie j«rt tying bcliind tliii furrov Moo 
tlir al'loiiien, and Ibsl tbe two posterior pair* of tegs arc alidominal a| 
Tlierc is, bowovcr, considerable disagreement on Uiis |«inl. whicb h 
suppoited by ontogeny. Hexkiko ia particular states tliat tliis don 
good (or Trmnbiilivni, nor, in liii opinion, for any Acarida. Thaw ti 
legs ant atUclied to what is commouly called tlic abdomen ; If the tl 
innirrectly applied, then it appean that tliG Acarina have no abduaen. 

The mouth-parts of the larva already show the diameter c 
of the adult, i.e., the cbeliccrae,t with the basal parts of ttm 
podipalpo, unite to form a prolxwcis (Fig. 53 B). The greater put 
■ [Sw IboUioti), p. 07.— Ed.] t [Sec footuote, |>. 97.— Ed.] 
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of eaeli pedipalp forms a palp, Tlie cavity of the proboscis leails 
into a muscular pharynx, which is followed by the cylindrical 
oesophaguB. This latter traverses the central nervous syet«m, whicli 
(in Tromhidium, Henkjno) consists oi a large ventral ganglionic mass 
and a pair of smaller aupra-oesophageol ganglia. The oesophagus (in 
Oaviatm) pisses into the spacious metenteroii, from ivhicb the 
hepatic caeca extend anteriorly and posteriorly (Fig. 54, U). The 
metenteron narrows again posteriorly and enters the rectal vesi<^le. 
Here the two large Malpighian vessels {vm), which have until now 
■been regarded as outgrowths of the proctodaeuni, take their rise.* 

If the so-called Malpighian trexls of the Scor|iioDes and tlie Araneae Hbould 
prove to be diverticula of the ent«rou, ita may bft coi^ectnrcl (]>l>. 20 sod 83|, 
their origin would h»vc to he more thoroughly investigated in tlio Acarina 
also. Siiicv the proctodacutii ia these latter lias, as ojiposed to the enterun. 
a certain iadependence (Hknkind, MacLeod), the question as lo the Daturp 
of these apjiendagea voiild perhaps be easier to d«:itle in the A>»rinn. 

The anus lies at the end of the abdomen, or, as in Tromhidiunt, 
is shifted forward. In Tromhidium there ia a constriction in the 
met«nteron between the thorax and the abdomen, and at this point 
lie (in the first abdominal segment) two bean-shaped bodies which 
Henkino considers to bo rudiments of the genital glands. These 
would therefore at first be paired, and only in the further course 
of development fuse to form the unpaired genital gland known in 
tl>e adult. 

Among the internal organs we have still to mention the heart, 
which is present in some Acarina though not in all. In Oama»w> 
it lies as a rounded organ at the posterior end of tlie abdomen 
<Fig. 54, ii). It has one pair of ostia and passes anteriorly into an 
aorta. It is siispcnded by the fibres of connective tissue or muscle- 
fibres from the dorsid body-wall. 

The amipael fomi of the lieart U couneetod witli (he rediiclion undevgijue 
by the whole boilj in the Acarina. Winkler, who ha^ closely stndied thia 
question (No. 105), points out that, in the Pieudoacorpiones (young foriu of 
Obirium iiltatiattii), th« heart is still somewhat long, yet is provided with only 
«tie pair of ostiB (at the posterior end). The heart of the young Phalangid, in 
which two pairs of oatio ocour. is alw reduced, thougli to a less degree. 

In the larva of Trombi'HwH, between the first and second [lairs of 
limbs, there is on each side a crescent^shaped projecting structure 
{Fig. 62, ul) produced by a thickening of the chitinous cuticle. At 

* [This description is probably correct so far as Oainaiiiii is eoncerned, eiccpt 
perhaps in tbe question of where the metantoron ends and the prootoilae"~ 
liegini, but it must not be applied t« all Acarina.— En.] 



the larva, Hbkkihg is disposed to regard aa a stigma.* The aperture, 
by means of the funnel, introduces air into the embryo. When 
ecdysis takes place, the funnel naturally becouies detached from 
the fiti^B (I^ig- S-)' Such "primitive tracheae" are found in 
corresponding positions in the larvae of other Acarina as well. 
More than half the Acarina are without eyes in all stages. Some 
of the free-living larvae possess one or two pair of eyes, lying at 
the anterior margin of the brain. Since this latter has shifted far 
back, the eyes also lie far back above the bases of the second pair 
of limbs {Tromhidium, Atax, Tetranj/cfiiu). The middle part of the 
cephalo- thorax has thus shifted forward beneath the anterior part. 

Tlie Nymph. After the larva lias remained in the form described 
for a longer or shorter time, according to its manner of life, further 
changes take place. In Atax Bonzi, the larva bores into the branchial 
tiESue of ite Lam el li branch host, and loses its capacity for movement. 
The soft parts now become detached from the chitinous cuticle aa in 
a typical ecdysis ; the limbs draw back from their chitinous sheaths 
and become nearly absorbed, remaining however as small knobs. 
The chitinous cuticle itself swells up by the absorption of water, 
and the body, which has secreted a fresh cuticular covering, swims 
about as an almost spherical body inside the detached shell. This 
process resembles to a great extent that described for Myobja during 
the formation of the larva. The Itmbs then grow out again.t a 
fourth pair being added. Tlie lana in this form is known as the 
nymph, and resembles the aduU in its shape and also in the number 
of ita limbs, but does not quite equal it in perfection or in sexual 
maturity. It commences its free life by breaking through the larval 
in tegument. 

The new ]<sir of limbs ia always tlie fourth, at leait this bu been eltsblisiied 
in srt-er»l fonus, t.g., TrouiHdium (Hbnkinq), Ixodta, TaTamymus {Drndroptui 
oX Kramer) ; in aqimtic fomis, according to EluuEa (No. 87}, ea[iecially in 
the genna N^taaen, one of the tirst two paire of lilill)3 was newly added. 
LoHt(A>M observed that in tlie Halamridae tlie second pair of HmU developed 
very slowly, Hlthongli he nlso regards the fourth pur u the one newly added. 
OcDEiUKB (No. 11), on tli« contrary, lays e|tecial stress on tlio fact that, in the 
larva of the OHbiUidat. the uew pair of Limbs is intercalated lietweon the 
second and third of Ihow already present.! 

The transition from larva to nymph in other forms is not so simple 
OS in the case described. The six-limbed larva of Wiyncholophits 

* [It is very doabtfiil if this be a stigiua ; analogy with other families would 
point to a dilfereot coiielusiou.— En.] 
t [S*c footnote, p. 07.— Ed.] 
; [Both Kr&mkh and OinEMASa appear to be in error on these poiuta.— En.] 
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oedipodarum, which attaches itself to the body of an Oedipoil, lier* 
undergoes ecilyBiB, nnd, beneath the larvnl integument, n sno-]ik« 
pu[ml envelope without appendages, resembling the deutovum, 
develops. From this the larval integument is for the most pait 
stripped off, hut a portion remains covering the post«rior third of 
the body OS a transparent iiit«giimei 
limbs are Btill recognisable. A pupa is thu 
six-limljed larva and giving rise to the n 
No. 79). 

R. 



I which the three larval 
s formed, following the 
ymph (v. FbauB5FSu>, 




Fill, r.V — laivi ut T—Mhitllatn futiifiiutami, Puftiwlloil o( tl 
Umm). "I. tyc: nt, proclalwum Ci-I'>. Irviil tlinUi r. piuluula (ciMlltan* u4 
p«L|i^pi) of till lina : Ct, dhalUwru : IW, ptUlptlri . F, 
■I, pflnlUn tnahn -. iS, 1iiUniK<Uat« inUgunxnt. 

The procesM's tlmt take plnce in Wiyrirholophia help us to nntler- 
BlanJ the mure complicntcd processes in Tr'-inbidium described hj 
HxNKtsa. The larva here, as in the cases already described, ] 
into n Testing; stage. After having completely filled its inteatine hj 
racking tlie juices of Aphidtrs, it creeps into eartli. The bodj is 
distended, and the soft parte withdraw from the chittnmu ( 
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As in the pupation of Insects, hiatolytioal proccBses take place, for 
the tissues have a more or lesa degenerate appearance (IIbneino, 
So. 85; MiCEiEL, No. 97). According to Guddkn (No. 81) and 
Miosis (No. 96), there is even complete disintegration of the 
tissues, whereby the resemblance to Insects is increased. Similar 
processes occur when the nymph changes into the imago, and no 
doubt have already taken place during the formation of the larva in 
the egg (deutovum and tritovum). 

In conseijuence of the withdrawal of the soft parts from the 
larval integument, the latter appears as a mere envelope around 
the inner Ixxly {Fig. 65 A), all the more so that the empty cases 
of the limbs usually break off (Fig. 55 A-C). Within the old 
larval integument another cuticular integument ia now formed 
(HtSKiKG); Lhis is the pupal envelope of the R}iyneki)lopkus, and 
not the definitive chitinoiis integument of the nymph, This integu- 
ment (the eo-called intermediate integument of CiAPARtDS, or 
apoderma of Hbskiko), in Tfomhtdiuiii, is not sac-like as in 
Jihyneliolopkus, but forms coverings for the limbs now found on 
the nymph (Fig. 55 O). Beneath it the chitinous cnticle of the 
nymph first develops. It appears that the pupa can cast off the 
larval integument, but does not usually do so, the mature nymph 
breaking through Iwth integuments when it hatches, 

Thr stntcnients of Henkimc 03 to tlio intenn(?cluit« iuteganioiit Bppear to u« 
agmewh&t obxi^uro. Aroording to this writer, tbe intvrmediKl« intcguitieot, &» 
irell *s that fornled laier, when the nymiih clinngFH into the iniaga and the 
eDrresponding "deutovum" membrane are secreted hy tlie isolated rolls, wliioh 
Appear Iwncitit the old larval inlegoiuent or the egg-shell (Fig. ."ia A and B, :, 
CLAPAB^ns's haemamoebae). The comitehenBion of these jirooesseB is in this 
vny rendered more difficult. Hghkik&'s statements on tliis {wiut nre uol 
drlinite. and ve are inclined to imagine tlist tlie tiitermediale integument ia 
separated from the nahjucent hypodermia, like llie Ureal iutegumeut alwve it. 

The transformation of the nymph into the adult closely 
resembles that of the larva into tlie nymph. The latter buries 
itself and enters upon a resting pupal stage. Beneath the old 
nymph - integument, an intermediate integument and the new 
chitinous cuticle again develop (Fig. 56, dt), Tbe limb-cases of 
the nymph, which, as before, have become em]>ty, are partially 
thrown otf (Ftg, 56); the nymph-integument itself breaks up in 
acme parts, and the perfect animal tin ally bursts through the 
integuments that surround it, to start life afresh as imago. It ia 
larger thaw the nymph, but smaller than a sexually mature imago, 
though it iK>S3eBse3 Ihe organisation of the latter. Seiual maturity 



is nttnined by further growtk and tho complete development of tbe 

genital urgans. 

Ai already mentioued, hutolyti(^«l proceuci take plMc during the tnu»- 

fomuitioii of the nym]>li iuto the imngo, Tliese du not sBect all tho orxan^ 
the geoitel orgaiiK Iwing enUnly 
uiiaCTi-cted li; them. The ti»ch<^ 
BjBteni of the nynipli, the atigm* 
of which lies at the baM of tliv 
cholimrw, does not [lua arte to 
the adult, liut the traoheal tnbM 
remain in the caat-olT tarTal Itt- 
tegument (Rekkinc). The''priaii- 
tire tracheae," mentioned abora,M* 
entirely unconnected with th« adolt 
tracheal ayit*m. 

Summary. DeTiations 
Itom the usaal cohtm of 
deTclopment. 7'A# devtlop- 
iiierit <•/ the Acari'l, /rwn the 
eijg to the ailidl, ronntli of a 
mi-eemvn of larval and pigiot 
stagef. Even within the egg 
a stage occur§ (the deutovum) 
whivh greatly resembles the 
later pupal stages. This leads, 
after n moult, to the free lam 
with six limbs, which paswa 
into ares tingstage.and through 
it develops either directly or 
through the development of a 
pupal integument into th» 
eight-limbed mjmpb. This 
also passes into a resting sUgc, 
casta off the nymph-integument, and after the formation of another 
pupa] envelope gives rise to the yoimg AcariJ, which rosembles va 
form the sexually mature adult.* 

The abovs i« merely a general acooiint of tlje coui'se of deTelopnwnt in Iha 
Aoarina, and ii nnt by any mcatii an pihaualive deacriptiou, aince indiridnal 
fuiijlin, geucn, and ipociu difTer \a one [nint or another. A mally cioni|il«ti 
account woulil l« far bryund the ecojie of this book, not only bmauae of tb* 

* (All ■tafcn not Mxually; mature are conddcred njimplwl ; there are gCBOnUy 
■Fvenl nrniplial Hilnra : in the Oribalidae two audi enlyses nccur, to)cetlMr 
irith a niial one, m irhich the nymph mases into thu wxuallr I 
Acarid.-Eo.] 




Fid. M.-Nyni|rii of TnmbltHm /•HfiMtnm In 
Iba atiM* 0> Ih« devttopawal at tba inpa uml 
iniico (altar Uirkihi), ■, anni ; cA, cilwllnni 
Dttbelnaeoi J-, ->■„ lliiiti* : TW; i>(dlti>l|« or 
tkr tmaioi p,-r„ Uoba of lb* njniiiib (ixulljr 
bfokm a<t| ; r, ^ubuicl* (digllceiH aiul pad). 
latlpa) of the sj'nipli : ik, lBl«nii«llalt luiegu- 




DKVIATIONS IN THE METAMORFBOSIS, 

nnmWr or ataUments (not indeed alwaya reliabli-] niB>de as to poat-eniliijaDic 
development, but alao because of the number or variattoas ocouning. We moat 
Uierafore refer lo tlie literature already quoted for furtlier partioulara, and 
TMtrict our»cl»es to the daseripUon of a few onlogenetic peculiarities. 

Tba fornintiau of tiiu deutoi-uni-meiubi'ane in tbe Acarid egg U appareutlj 
very uomnion, and jet it seema to bo iudisputablo that in some forme it does 
not take place. CLAPARktiE, who hag giren speoial attention to tbU point, 
■tstea that the Bix-limbed larvae of Tdivngcktia hatch direct out of tbe cgg-ebell, 
vithout r""'"'*!? being surrounded hy a apetUl ohitinous enTelopc. The 
appearance of a six-liinbed larva also is not universal, allhuugh it occurs in 
most fiiniiliea,* In Phytopta, for example, the larvfte are foiir-lirabed, i.e., 
provided with only two [uirs of linihe, and aomo have been disposed to regard 
thia OS a primittTo condition. But since, accordiug to Nalefa (TfoN. 100 and 
101), the adult Fhyloyta alao baa only four liniba, this must lie considered 
as a secondary condition both in the larva and in the imago. The great 
preponderance of the abdomen in the Phytopta and the consequent lengtli of 
the body must also be regarded as a gpeciaUsed condition. It is intereeting, 
in this cannectiou, to institute a couiiiariaon wilb Che DtraoiMcidoe, irhich 
also hare long abdomeus. The aix-Iinibcd larva la found in its development 
and, according to Czokob. (No. 78), passes throagh a course essentially agreeing 
Kith that described above. 

Taking into account the tranaformation of the six-Iirabed larva into the eight- 
linilfed njnipb, the occurrence of a four-limbed larva liaa been thought possibly 
to denote the more primitive character of the four-limbed form, from which the 
six-timbed form was to he derived. But wa have already shown that such a 
conclusion is unwarrantable. Some light is thrown on the occurrence of the 
nx.limbed krva by Winkler's observations of GnmantK craiaijiia. Although 
tbe larva of this form has six limbs, four pairs were distinctly developed in the 
younger embryo {Fig, 67 A and S), Winklkk's account is so clear, that all 
doubt appears to be excluded.t We must oasnme tliat one pair degenerates 
during a moult that takes place nitbin the egg (formation of the deutovum). 
Shortly before the embryo batches, when th* limbs are already provided with 
tlie characteristic setae, there are only three jwrs (Fig. 57 C). This statement, 
which ire are hardly justtSed in doubting, Ls a strong argument in favour of 
the aeooudary ongin of the six-limbed larva. 

Tlie eight-limbed embryos of OaiiKuui crauipci observed by WtHKLEn appear 
to be in a lower developmental stage than the sii-limbed embryos (Fig. [>7 
jI-C). We therefore assume that, in this Jbnn, a stage like that found in 
Flempttti xftpfrtitionii it left out, this Acarid baviug an alAreviidHl coune of 
dtrtlopmriL The embryo of Fleropli'S commences free life with eight limba, 
Ce., at the nymph stage. It could, however, be shown that the cmhryo 
passes through a six-limbed stage in the egg while the latter is still within 
the mother (Nrrzsc'H).; 

Limuettn jutrdina also leaves tbe egg as a aymph (Neukans). Tlie young of 
the npttipla, when ihey hatch, are very like the sexually mature adult, baring 
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only two ]>aire of limla, Riid fully -develuiK-i! iiioiitli-l«rlB. Tliej <ii(rpr fiom 111* 
kdult cliieflf in the absence of the externnl genilalin. These ar derelopiKl in 
th« eourae o( tno moulta, and re|iroi]uetioji can now tako pl«M <Nalu>*, 
No. 100). The development of Sp/uifrogyna trn'rinsi aj-pears ttill BXH* 
itblireviated. TliU Acarid, tbe feiuale of nhich ii dlsEiiiguUlied hj the g 
swollen abdomen, ti ora-riviiiaroua. Tlie egg, iilti^r being Laid, jidda tha 
sexiwJIf niatare idsIb and female, and cD|>ulatina l<ke> place aona aftw Urtk 
(Labohlb^.nb and Mkokin). 

The course of development niaj be longthenai bv th« «■ 
li}'uipb-etage follomiig that which jiroceeds from the larva, i 
TeHeiabliDg it in form. Tbia is found in Halatni-ui spinifer [Lohkass, No. M), 




and in nuioiu i/amatiilat (Krambk, No, 90. WiyKi.Ei:, Nil 106). Init tt OBfjbt 
l« bv mart, definitely aacortaincd whether tlieae uyniidi) do not canwpond to th« 
l«pal etag* in otlier Aoarina. It appean, furtlier, that the njmph niij ba 
Mpabit or raprodnetiou iiefuro it attain* tlir fonii of the leiuall; matutv ai 
(CAXSNTHtKtl Tlii* point was Mtahliihed f'.r the aamuidae. hKKtan 
dirtinguiahn in tliii (unWy acrcral ontogenetic lerieii iihkh he 
normal, and in irhieh the larva, the njmph, and the ttuago av 
In the uinal manner, anil othet* wliiuli are abnuniial, and i& whii 
i.e., HympAf, an alreadf/ capable o/ reprodueing tli':iiflt€M jt 
Such fciniK il'i uol aenii to attain to the complete form of tbe m 




OENERAL COWHIDE fiATlOKil. 

It is said that leferal foims capable ot reprodautiau may occur in IIiiej way in 
one aiid tbe eama species ; Oamiuina lardvt, tor instance, has no less than lire 
stich dinerL'nt form», each of which might be taken for a differeut spi'Cies 
(Beklese).* These ara evidently veij complicated conditions, which are far 
rroni being soSiciently understood. There is no doubt that early stages of 
development have repeatedly Wen regarded as different species, as is now 
definitely proved in the case of Iho well-known geniu Uypopus [Meohik, 
Nos. 94 and 95, Michael, Kob. 9S nnd 99). The members of this genus are 
Diiuute creatures with a smooth chituious shell, convex on the dorsal side and 
lUttened on the ventral side, covering the whole of the l>ody. Aearids with this 
characleristiu appeamnee are often found on larval and on adult Insects, 
Uyrinpoda, etc., and were long regarded as adults. A closer study of the course 
of their development, however, proved that they merely represent early onto- 
gcnetie stages of Turoglypliui and related geuern, which, as a result of hitherto 
unlcnown circumstances, have deviated from the usual form of the nymph. 
These vsnations only alTect isolated individuals, and it has liecn attempted to 
trace them back to nnfavourable external couilitions, which broiiglit about such 
■ modification of the inner organisation (Mkonin), This explanation of the 
origin of tLc heteromorphic {Sijpiijitia) forms has Wn disproved by Michael. 

General Oonsiderations. 

Attenipta li.ive lieeii umde to seiuirutc the Acarina from the 
Aracliniiiu, nuil to give this group tlie aame value as tbe larger 
divisiona of tlie Artliropoda (Arachnida, Myriopoda, Hexapodo, 
Halleb, No. 83, A. C. Oorkmaks, Ko. U). The grouuda given 
for tills classification appear to us too insufficient to deserve further 
diBcnaaion (p, 100), It rather appears to us that in the organisaCioii 
and development of the Acarina there ia sufficient resemblance to 
the Arachnida to justify their being classed among these latter, in 
accordance ■with the view until now commonly held. The Acarina 
represent a group of the Arachnida with highly specialised develop- 
ment, and ore thus strongly difTerenliated in individual points of 
organisation from other Arachnida. Even the course of development 
lias been influenced, and shows peculiarities which do not occur in 
other Arachnida. The chief of these are the difibrcnt consecutive 
larval and pupal stages, and the free larval form provided with only 
six limbs. This latter must be considered as a secondary peculiarity. 
The hest proof of this would lie afforded by the appearance of a 
fourth pair of limbs in embryonic stages, which precede the eix- 
limbed larva,' if the statements made on this subject by WlSKLBB 
(Xo. IOC, ef, p. 107) should be confirmed.t 

-Ep-1 




vm. Oflnoral Oonsideratious regarding the Aradmldk. 

In studying the Amchnidji, tho point of greatest importaiice auil 
interest consists in their relntionshiji lo those divisions at the 
Arthropuiln clnsseJ with them as Tracheata, i.e., the Myriopoda 
and tiie Inseuta. The ^lyriopoda, on account of their usually long 
form of body and the shglit differentiation of the different ptaXa of 
the body, demand less atteiitiou in tliis respect than the Hexa{>oda, 
in which the very marked division of the hody into tlirec n^ooa 
calls for comparison with the segmentation of the Arachnido. In 
such s coraparieoD, however, a serious difficulty at once arises in the 
different number of segments, and especially of limbs, found in 
the two groiii>H.* The fusion of segments which often takes |klace 
among the Arachnida ia of less consequence, since this may also occur 
to a greater or lesser degree among the Insecta. Thv funirnj of the 
head ami the thorax to form the cephalo-lhorar must neverthelcM 
be emphasised as an important Arachnidan character. 

The Insects, us is well kuown, carry on the bead a pair of 
antennae, a imir of mandibles, and two pairs of maxillae, which, 
on account of their structure and ontogeny, are justly regarded as 
limbs; further, there are three pairs of limbs on the tbomx. Tho 
Arachnida have only two pairs of cephalic limbs (the thcHcerae and 
the pedipalpa), but four pairs of legs on the thorax. The attempta 
wliicli have been made to harmonise these diOereni'es are too 
numerous to be treated here in detail. According to what mny be 
described as the prevailing view, there is no homologtie in the 
Arachnida for the antennae of the Insecta, but the chelicerae may 
be horaologised with the mandibles, the pedipalps with the fint 
maxillae, and the four ambulatory limbs with the second maxilUe 
and the limbs that follow them. The chelicerae have, however, by 
some been considered to correspond to the antennae, ^^'e are not 
disposed to accejit either of these views, but, for reasons to bo given 
later, compare the cbelicerne to the second antennae of the Crustacea, 
for which a homologuc is wanting in the Insecta. The first antennae 
of tlio Crustacea, which correspond to tbc antennae uf tlie 
Insecta, ore not present in the Arachnida. The pedijuiljis cnn at 
once be humologtsed with the mandibles of the InseclA (and 
Crustacea), the four pairs of nmbulatory Itnilis with tho two pairs 
of maxillae and the legs of the Insects, but in this cnac one pur of 
thoracic extremities is wanting in the Arachnida. Tliis, however, 
[On lliii ubolc (lioeuuion cmnpsre EOitoriil note, [>. 117.] 
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doee DOt appear to us important, since ws attach no great value 
to tliia comparisoa of the Arachnida with the Inaecta, and seek for 
the relationships of the former not so much in the domain of the 
"Tracheata" as among the branchiate forms, viz., the Xiphositya, 
as Ray Lankbstbb and others have also done. Wo are, therefore, 
inclined to agree with those zoologists who consider fke Arachnida 
and the other air-breathing Arlhropoila as tao distinct serie», and also 
aaaume a rep'trate oriijin for t/ie tracheae in these tieo tfivisitms. 
The agreement existing between the organisittion of the Arachnida 
and that of the Xipbosura compels us to adopt this view. 

We have already pointed out the agreement in outer structure 
between the Scorpiones and Limulue (Vol. ii., p. 357), especially in 
the numbers of the segments and limbs. In Limutim, as in the 
Arachnida, we find six pairs of limbs on the cepholo-thorax, so that 
a homology is sii^ested. We have just compared the first pair 
of limbs, the chelicerae, to the second antennae of the Crustacea, 
chiefly because the ganglia of these limbs, which arise post-orally, 
become united with the aupra-oesophageal ganglion, as is the case 
also with the second antennae in the Crustacea (Vol ii., p. 164), and 
this process gains in significance when it is found repeated in the 
maxillary ganglia of Peripatvg (p. 193). No such process is to be 
found in the Insecta, and we conclude that the limb in (|ue3tion is 
wanting in them. 

'We miMt not neglect to record the fuct that, in tlic Ojiiliones and the Acarint, 
the obelicenu! are said to Iw iuuerrated from the thorauic gailgUuiiic iiibbs 
(X.BVDIR, No. 10, 6, and Winklbe, No, 100). A Biial elucidation of this i>o(nt 
is Tety desiralitc. 

The presence in the Araneae of another pair of cephalic limbs 
besides the two already mentioned has repeatedly been maintained. 
Two prominences are said to opiwar in front of the rudiments of the 
chelicerae and again to disappear (Cronederq, Jawohowski). It 
was assumed that these conjectural limbs became united with the 
rostrum (Cronebero, Lekdl*), whichf according to other observers, 
was found ta have a paired rudiment (Scuimkbivitbch). Tliere was 
a general tendency to seek in the roatnua the rudiment of one, or, 
iadeed, perhaps of several pairs of limbs, and it was thought that this 
could even be proved in the adult animal (Scorpiones, Solifugae, 

* According to Lendi., the vestigial limbs lie between the clielicorae and 
itte peilipaljia, and correspond to the nisndiblea of the Iniecta, while the 
chehcetao, by their powtion and tlieir maniLer of moving, show themselves to be 
tnie antennae. The shirting forward of the pedipnljis pressed the couJMtui'al 
mandiblta agaiiut the rudiment of the upper lip, so as ta (kue with it. 



Acarina — Cronkbero). It eliould bo noted that, acconling to 
ScHiuKEwiTsca, the so-called lower Up also arose from a aiinilu 
paired nidiment, but in tbU caso a pair of limba seetne out of iho 
qaeetion. 

If such a vestigial pair of cephalic hniba is really present, it 
must be regarded (Croheuerg, Jaworowski) as the missing antennae, 
and would be liomologous witli the first ontc&nae of the Crustacea. 
This would necessitate no essential modificatioik of our view. Tb« 
first antennae, wliich were preseut in the ancestors, would still occur 
in the Araneae as vestiges, the chelicorae, however, corresponding 
to the second antennae. 

The pedipalps were compared V>y ua with the mandibles of the 
Insecta. IJich is composed of a masticatory ridge and a maay- 
jointed palp. In the embryouic rudiment, however, both parts are 
said to consist of a number of joints ; if so, this limb would show « 
very primitive character, and a certain agreement with the biramose 
extremities of the Crustacea (Jaworowbki). Indications of thb 
biramose character are said to be found in the rudiments of other 
limbs also (Jawobo«-hki). 

Further, wliichever pair of limbs (cheltcerae or pedipalps) i* 
compared with the mandibles of the Insecta, the moiiy-jointed 
character of the Arachnid limb alfords a aigniticant conLmst to th> 
Insectan mandible, which always consists of a single joint Another 
primitive character u found in the presence of masticatoiy blades on 
the tliiid and fourth limbs (in the Scorpiones and Opiliones), thea 
extremities being thus partly utilised as muuth-parts, lik« 4 
thoracic limbs of Liiaulu* which surround the mouth. The p 
of pincers on the anterior limlis might also well be i 
primitive, since such pincers are found in Limuiut. 
however, lay any great stress upon this, as similar etructuiM^ 
arise independt^ntly of each other. 

The condition of the c«phalo-thorax and its appendages tB'tJ 
various divisions of the Arnchnida shows far more agreement witli 
those of the InsecUi than is found in the next section of the body — 
the abdomen — even if we overlook the reduced conditions which are 
exhibited here in the Acarinii. We must here mention that the 
Solifugac, owing to the fact that the three posterior cephalo-thotacic 
segments ore free, while the anterior region ).>ecomcs swollen in ■ 
manner sugf^stive of a head, have a certain resemblance to an insectt 
In addition to this, the abdomen shows the same number of eegments 
as in the Insecta, and a [-air of stigmata appears on the fint 
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"thoracic" or fourth cephalo-thoracic segment. These peculiaritiea 
have led to the Solifugae, which breathe through tracheae, being 
brought into relation with the Insecta ; but we have already shown 
(p. 36) that we cannot regard these characters of the Solifugae as 
primitive, nor consider the Solifugae thcmselvea as intermediate 
forms between the AracLnida and the Insecta. In judging of the 
relationships of the Solifugae, it is important to note that in them 
also the chelicerae are innervated from the brain (Weissbnborn, 
No. 16), and are thus proved to be homologous with the chelicerae 
of other Arachnids. An attempt to compare them with the antennae 
of the Inaectn in order to explain their innervation will hardly be 
mode, their whole development Wmg opposed to this. In making a 
comparison with the Insecta, we should conclude rather tliat the 
antennae, which are to be regarded aa a pair of cephalic limbs, are 
here wanting. 

The abdomen of the Arachnida is characterised chiefly by the great 
reduction of its segmentation, except iu some divisions however, 
where the segments are very distinct. In the Scorpiones, the 
posterior part of the body is divided into a pre-abdomen and a 
post-abdomen, and is of great length. It might, indeed, be con- 
sidered as doubtful whether the lengthening of this part were not 
secondary, but for the fact that other Arachnida, during embryonic 
life, have sometimes this same number of segments, and also show 
indications of the division into pre- and post-abdomen (Araneae, 
pp. 50 and 57). 

In the fossil Xiphosura (Hemia^jm, Belinunis), as well aa in the 
Oigontostroca, the number of abdominal segments is larger than 
in Limttlvs, this makes it very probable that the abdomen of the 
latter has arisen through the fusion of a number of post-abdominal 
segments, and is thiis homologous witli the post-abdomen of the 
Scorpiones (Vol. ii., p. 358). Tlie latter thiia show, in the retention 
of the richly -segmented abdomen and ia their segmentation generally, 
a very primitive character, It has been conjectured that the length 
and mobility of the abdomen are connected with the [wison-sting 
which arms its extremity, and which is thus the more easily brought 
into use (Weissehbohn). 

Great concentration of the organs is evident in the Arachnida, 
and the further forms are removed from those which we may rightly 
consider aa the most primitive, the greater ia the degeneration found 
in them, this degeneration reaching its highest degree in the Acarina. 
Hie derived forms of the Arachnida are thus simpler in their 
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orgHDisatton than tbe primitive forms, especially as certain aysKms 
of organs (circulatory and reapiratory systems) may portly, or 
wholly, degenerate. 

The abdomineU limb-ntdimeiUi are of peculiar importance in the 
comparison of the Arachnida with other Arthropods. Their number 
in the Scorpiones, as in Limulut, is six. [1 ff. Bbaveb, Kibbinoutb.] 
It is possible tliat in the Araneae, also, the same number of 
abdominal appendages was originally present (p. 51). The Arach- 
nida, like the Insecta, were derived from forms provided with n 
larger number of limbs. The first pair [second, pp. 10, 2S, 57], is 
related to the genital aperture, while the following )iain show on 
their posterior surface the invoginationa which give rise to the lungs. 
The lungs of the Arachnida may therefore be homologised with 
some probability with the gills of the Xiphosura (Vol. ii., p. 358, and 
Vol. iii., p. 77). This implies an origin for the Arachaidan tubular 
tracheae diAerent from that in other "Trachcata" (Psripalut, Myrio- 
poda, Insecta), for there can be no doubt that the tracheae in lh« 
Arachnida are in the closest connection with the lun^.* Although 
the tracheae in a few Arachnids, e.g., the Solifugae, the Opiliones, 
and some Pseudoscorpiones aud Acarina, seem to reseuble each other 
greatly in structure, they must, in the one case, be derived from 
lungs or gills, and, in the «ther cases, from simple int«guni«ntal 
depressions. Their later similarity of structure must bo regarded 
as a phenomenon of convergonce.t 

The presence of the stigmata in the abdomen only is in accord- 
ance with the view of the origin of the respiratory organs bere 
adopted, but nn exception occurs in the first pair of stigmata of the 
Sulifugoo which lies on tite first "thoracic," or, rather, fourth 
cephalo-lhoracic, segment. This must for the present be regarded 
as a secondary acquisition, and we may similarly try to explain the 
fact that, in the Acarina, stigmata occur in the cephalo-thonu at 
various points, oft«n very far forward, in the chcliceral region. 
Similar displacements of thu stigmata are also known to occnr in 
Seatopendrella, where they also api>car in the head in an nnusoal 




* [Sm StKMONS &Dil PuRclU, (App. to Lit. OD Aranue, Noa. Vlt., TIIL) 
ud footnolci, p. 7S.— En.] 

t [TubnUr tncbcM uc not r««trictcd to ths»e four groujia, but >ra «1>a UaaA 
in nunj Annuo uoociatcd vilh the lungs ; only the Scornione* snil Ui« PnU- 
p«1pi Iiave longs ilonc This hu led Bebnaiiu (App. to Lit. on Arachnids la 
gen.. No. III.J &nd Jaworowski (App. to Lit im Ahuioe. No. U.) Io th* 
ooncioaioD that tli« lunK-books ar« not iirimitivs stniatum giTing tIm I» 
tbe trach«, Imt rsthor that 1>oth the lung-books and trachea are to M derivvd 
from simple lac-tncbcae. — En.] 




There are vitrious other ]>omtfi of orgunisation in which the Arach- 
niila aie removed from the Inaecta, but approach the Xiphosura, 
nnd perhaps even the Crustacea. 

In dealing with the ojes, we tried to show that they cannot be 
cLaaaed together witli those of the Inaecta and the Mj-riopoda, but 
have had n different course of development {[i. 68). They may, 
however, well be homologiaed with the median and lateral eyes of 
LtTaulm. In the origin of tho Arachnid eyea, inversion plays an 
important part. Inversion haa recently, also, been introduced by 
Claos as an explanation of the origin of the median eye of the 
CruGtacea (No. 67), and it appears not impossible that a closer 
cotiitection may be found later between these processes. 

Furtlier agreement between the Arachnida and the Xiphosura is 
found in the presence of an cndoskelGton, which in the Scorpiones 
and Limuiua is very similar in structure. * Another point which 
appears to us to be very characteristic, and which also fully appliee 
to the Solifugae, in spite of their apparent deviation from the other 
Arachnids, is the presence of a large iligestive gland (liver), such as 
does not occur in the Inaecta, but is found in Limuliit and the 
Onistacea. Another still more important point of agreement is 
yielded by the enteron and its appendages, if we grant that the 
testimony of ontogeny is reliable, viz., the origin of the so-called 
Malpighian veeeeU out of the entoderm. If this is the case, it 
would form nn important reason for separating the Araclinida from 
the Insecta. Tubular appendages oucur in the Crustacea at the 
posterior end of the metenteron; the Malpighian vessela of the 
Myriopoda and the Insecta are, however, of ectodermal origin. 

Another point of resemblance between Limulus and the Arachnida 
is afforded l)y the presence of an artery running, in the Scorpiones, 
above the chain of ganglia, and forming a backwani continuation 
of the oesophageal vascular ring (supra-neural vessel, supra-Bpinal 
artery) ; a condition similar to this is met with in the ontogeny of 
Liimittu. A sub-neural artery, indeed, occurs in the Crustacea, 
snd a supra-neural vessel is alao found in the Myriojioda (a fact 



s consideralile disaKreenieut regardiog the homology 

_ EBNABD (Alip. to Xit. OD SoorpiouM, No. I.l, ivKi 

i«ni[»raUre study of tho Arocbnidaa endasternite, coiues to the coactiision 



tliat tlie euiloatemite of Limvlua cannot be liomologons with that of the 
AntchniUs, the latter being part of an epidemiBl endophrsgmsl Bjatcm, while 
that of LimuluB ti mesodermal. Ou the other liaud, Schiukbwitscb (App. 
to Ut (ID Scorpiones, No. VI.) maintains that the structure generallj termed 
the ■ndoatcTnite in the AriKhnida and Liniiilui is always meaodernml, and 
uo-exists with, Lut is independent of, the series of ectodermal spodeinea nliich 
are lo conspicuous in Oaltodts. — Ed.J 
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which makes thia point of resemblance appear of less importanco), 
ao that this feature mar perhaps be inherited from a common 
ancestral form. A less imiXTtant agreement with the geuilol glands 
of Linitliis is afforded by the corresponding tubular network of 
genital glands in the Scorpionea 

The coxal <jland» of the Arachnida, derived from the mesodenn, 
may, according to our present knowledge, be assumed with consider- 
able certainty to be iigiAWita, and are comparable with the oigana 
which, in Limulua, occupy a corres|)onding position. Tbe6« glands 
cannot be fully honiologised with the nnteiinol and shell-glands of 
the Crustacea, since these latter differ somewhat from tb«m in 
position, i.e., belong to other segments. The nephridia that were 
present in every segment in the ancestral form have undergone great 
reduction, and the remnants arc retained by their deacendonta in 
different segments, a feature probably connected with the varying 
form of tlie adult body in tlie different groups. Wo need hardly 
point out that the possession of coxal glands (especially strongly 
developed in youth) is a further distinction between the Aiaohnida 
and the lusecto, the latter not possessing any glands which in 
their development and position could be comiuircd with the nepbridik 
of the ancestral form. 

The Arachnid coxal glands arise from the mesoderm, the condiUon 
of which during embryonic development is a [Kiint of special im- 
portance. While, in the Insecta, the primitive segmenta arc early 
subjected to change, in the Arachnida, they grow forward dotwUy, 
and only undergo disintegration at a time when the dorsal heart is 
formed from them. The coelom, which disappears very early in 
the Insecta, b long retained in the Arachnida. This, which in itself 
is a primitive condition, further determines a greater simplicity in 
the rudimsnt of the heart, perhaps also in that of the cozol glands 
(nephndia), and probably also of the genital glands. The conditions 
thus produced recall those in the Annelida more than those in lbs 
remaining Arthropoda. 

It appears open to question whether much itross ehoutd be laid on llw Ufft* 
mmt eiisliDR Intwetn the cleava^, and the formation of the ([enuliia] lafm 
■nd of the Drat ludimeuts of the orgaiis iu the ArachnicU and tiie f 
doauribrd for the Cmstacei, or whether these should be eiplaiasd by a « 
■imilarity preTaiUng in the«e procenee throaghout tlie Artliropoda. Thb ba 
alraidy baen ]ioinIed oul in indiTidnal cases. It most remain M|iially doabUn) 
whether the youogcat stage of the genn-liand in tlie Scorjriones, whiah has Itw 
roin|iBiTd with a cOTtain antog«ii«tio (tage in the Triloliites (p. 0), i> of spattel 
importance In this connection. It can hsrdlj be douLted, from all tliat has 
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been stated above, that there is n close relationsblji btt>vi>eu tbc AraclinidiL aud 
Limiiliit, and, consequeiitly, jioiiits of »greetneut nitb the Trilobitea might be 
ex]>ecte(l. It ia, in this connection, & Etriking fact that the Scorpionei Me of 
snch great age, and that tlie forma now eitavt are not rer; nnlike those ronnd 
in the Silurian atrata (Pataeajthonm iiunciui. No. 16). 

In conduEiion, we must again emphasiBe the fact that the apparent 
agreement of the Arachnida with tlie other Trachenta must be 
regarded as nothing more thaii a similarity determined liy their 
common Arthropodan nature aud by a like development aa the 
reanlt of a ainiilar manner of life. We must not nssume a nearer 
connection between these diviaiona of the Arthropodan stock. We 
believe, rather, that the Arachnida, together with the Palaeoatraca, 
proceeded from a common ancestral form, and snbsequently diverged 
from one another, while the other Tracheata belong to a distinct stock, 
the two, however, being connected very far back. 

The Arachnida, according to our view of them, form a very 
uniform group. The most primitive forms are those in which the 
body is distinctly segmented, i.e., tlie Scorpiones and the Pedipalpi.* 
The Opilionea and the Pseudoacorpiones are nfi'ected by a reduction 
which goes still further in the Araneae, and reaches its highest 
degree in the Acarina, in which this far-reaching adaptation is 
accompanied by essential modifications in development.! Knch 
modifications are also found in the Fseudoscorpiones, probably as 
the result of similar causes. 

[In addition to the editorial footnotes uiserted here and there referring to 
BsKKAHn's Arachnidan work, tt is necessary to call separate atteotiou to it 
in aome detail, inaamuch aa it baa a iirofonud bearinK u]x>u the question as to 
whether the Arachnids could be deduced from a Limuloid ancestral foi-in. 
ArgninK tbst the only scientilic method of arriving at the aiiceatral farm of the 
Anwhmda ia to comiure all the known forms, and to aift out what are obviously 
the more (iriniitive structural adaptations from the more apecialioed. this author 
■mvce at the concluaioL that the Solifugae come nearest the auceitral form in 
their seBnientation, and in the aiinplicity of their endostemites. Tliis eudo- 
■temite lias no resemhiaoce whatever to the endoslei-uite of Limitlitt, to which 
he would assign an entirely different orifpu (Apji. to Lit. on Amchuida in gen., 
Na L, and App. to Lit. on Scorjiionea, Nm, L,\ I.). Ho endeavours to show that 
the typical form of the Arachnidan body is bu adaptation to the special manner 
of feMuig. The Arachnids suck the blood of their victims, and, by aforce-puniii 
Motion of the oeoophoens. iliatcnd tlie alimentary canal in a niaunor nhicli would 
■erioiuly interfere wiUi the rrat of the organisation. Their whole inner anatomy, 
he believes, can lie shown ti> lie simply so many adaptations to this serious 

* [According to Bbknahii, the Sulifugae are in this reKpect the moat prinii- 
tivB.— Eb.J 

t ETbis atatenient is a little misleading, for, in the adult Opilionet, only six 
■cgincnbi are visible in the abdomen, while, in the Paeudoscorpiones, thei'eare ten 
to eleven; further, although the abdominal somites arc fused in most adult 
n 1» 



fbnu (Ixodes) exhibits marked segmentation (Wac 
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(IbtcQtion of the iutMliaii! tmet — idnplntioii, that is, of aotnv much lesi 
apecikliwd typo than Liniuluj. All the oliief organs are dealt nilli in ilriail, 
and, whether the autlior's coacliisiona are all of tliem ultimittely confiniinl at 
not, he has succeeded in jiliicing on a new level, not onl; the contruvvn}' 
r^iardinEi the Arachnidati origin, but also (by his assodation of phjaiulogj' 
with niori>holog;) the science of tlie whole group. So far his Tiewi liart' not 
Dut with niuuh acceptauce, and tiie Soorpionea are still generally rr^tdpd as tbe 
moat jiriniitive Arachuiik ituding their nearcat allies in the Meroatumata.— Ei>.l 
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CHAPTER XXIL 

PENTASTOMroAE. 

Our knowledge of the PerUasiomidae still rests principally on 
Lbuckart's observations, supplemented by a few smaller treatises, 
and recently confirmed and amplified by Stiles. 

1. Embryonic Development. 

The eggs of PerUastomum are surrounded by two envelopes (Fig. 
58 A and B^ h). The early embryonic development takes place 
gradually as the ovum passes down the uterus. Cleavage is total 
(Leuokart, Maoalister). The egg breaks up into a number of cells 
of about equal size, the further fate of which could not be ascer- 
tained. Macauster describes the formation of a blastoderm and a 
germ-band, but his statements are not conclusive. According to 
Leuckart, a germ-band is not formed. The embryo secretes a 
surface cuticle at an early stage, a disc-like thickening appearing 
on the dorsal surface of this cuticle. When the cuticle detaches 
itself from the embryo and forms a third envelope to the latter 
(Fig. 58 A and B, eh), it remains connected at this thickened disc 
(dorsal cone, rz). The chitinous integument also, which is now 
secreted as a covering for the embryo, is correspondingly thickened 
at this spot, and takes the form of a pit-like depression. The "dorsal 
cone," which at first connects these two chitinous thickenings, 
becomes constricted and broken through, but a trace of it is left 
attached to the embryo ; this, in P. taenioicles, is shaped like a raised 
cross situated in a cup-shaped groove (Fig. 58 B and C, rk). The 
remainder of the " dorsal cone " is retained on the detached integu- 
ment as a circular thickening (the so-called facet. Fig. 58 B, f). 
This structure recalls the micropyle or the dorsal organ of the 
Crustacea, with which Leuckart has compared it. 

A certain external similarity in structure is found between the so-called 
primitive tracheae of the Acarina and the dorsal cone of the PerUaslomum ; but 
tliese "tracheae" are paired and lie ventrally, so that there is no real agreement 
between them. 
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The earl; sliodding of a outicular iateganient within tlie egg, which mut bs 
regarded u a moult, rocalla the rormstion of the dcntOTnm-membno* ia ih« 
Acarink (p. SB) ; similar processes occur also in the CnioUoM (Vol. ii., p. 111). 

Before the doraal cone is bioken through — i.e., before the cutjcular 
envelope is completely detached from the embryo — two pftin uS 
truncated appendages have developed on the ventral side. ThsM 
are limbs on which claws Boon appear. A narrower posterior portjon 
— the so-called tad — has, previous to this, lieconte markeil off from 
the compact trunk (Fig. 58 A and II), to the ventral surface of 
which it is applied. This caudal appendage is characteristic of the 
embryos of a few species of Penlaslomiim. lu P. iaenioiilet it w 

B C. 





I* egg.lDUgD'neiiti iDd ^m Utv 
. M, itlgnui or glud; ak, euibiToalc lDteeumi>nt ; A "(IMft' 
ml pliM; r, uul)i,, Irunealfd limlM; rl, doittl ci«a (dnml nneni}; n, dolHl 
] ippfud^. Tlie boilDg apiantus of the «inbt]ni It not •hmm. 

aomewhat large (Fig. 58 B and C), while in P. jirobo»euleum it* 
rmercly a sunill bifid appendage (Fig. 59, «). The embijo of 
fiaej/eephaltim has no caudal appendage, but presents a round 
irior extremity. In tliis form the embryo leaves the egg (V*ii 
iREDtN, ScHUU.iRT) ; it is therefore very unlike the puent in 
shajM, and has to ])ass (through radical transfonuations b«for« 
attaining the adult form (Leuckart). 

The LarraJ Derelopment. 

The further course of devflopiiiciit is marked by the transfenno* 

of the eggs into the intermediate host and the development ot a 
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foUT'Iimbeil larva. The form whose ontogeny was examined by 
Lkcckabt, p. laenioides, iiihabiU, in ils sexual condition, the 
unsal cavity of the dog. The cgga aie laid in the nasal mucus, 
and with this they reach the exterior. For the further development 
of the embiyo an intermediate host is necessary. This, in the 
case of P. taenioitles, is a rabbit, which, by swallowing the egga, 
introducee them into its stomach, -where the egg -in teguments 
become detached and the larva set free. In P. proboscideum also 
(Stiles), the early stages are similar to the above. The eggs of this 
form arc found in the lungs of the boa constrictor ; from the lungs 
they pass into the intestine, where they are found in quantities 
in the f»ces, with which they leave the body. They, too, must 
be swallowed by an intermediate host in order to develop further. 
Stilis was successful in introducing them into mice. 

The Inrva, which has a Hunt anterior, and a pointed posterior 
end, %.«., which is sup- 
plied with a tail, has 
two iJflirs of tnmcated 
limbs, provided with 
cbitinoua daws fur- 
nished with a sup- 
porting apparatus 
(Fig. 58 C, and yig. 
59, et). The two claws 
are attached to a 
chitinous ring, and 
eeem to be quite in- 
dependent of the 
supporting apparatus. 
Til is structure sug- 
gests that the limb 
consists of a terminal, 
and a basal seg- 
„.nt, th. limb bei^g ^^^"f:;^^ l£rV*afr.;',t;uS.?."i.;; 
thas regarded as two- «i, o<»oi*«gB.:r,-ji„tti]ncai«i iimU; m, doram omui. 
jomted. Stilus, who „.,p^„t!,,(or.np,«tii.B.i>=pi.w.: ,j,, «i«.?Wpm". 
adopts this view, 

thought the limb more distinctly marked off from the body than 
did Lbdckabt, who regarded it as consisting of one joint only. 

At the anterior end of the body lies a boring apparatus composed 
of eei-eral chitinous spines (Fig. 50, 6u), which has been compared 
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with the moulb-patts of the Arthropods, especially with those of 
the Acarina, but such n compariaon is hardly permissible on account 
of the position of this apjiaratus aud il« origin in &ODt of the 
mouth; it must probably b« regarded as a larval organ (Stiles). 
Near the boring apparatus are two small papillae, which have beea 
regarded as tactile organs (tj)). 

The mouth, in P. ptiilioiicidettm, lies somewhat far back, abont 
on a level with the anterior truncated limb (Fig. 58, tu). It is ' 
surrounded by a chilinoiis horaesboe-ahaped baud, and leads into 
a narrow oesophagus, which posses into a wi<ler stomach. According 
to Stilss, there is no anus, although one is to bo seen in Jaoqdabt^ 
not very accurate drawings. An accumulation of cells surrounding 
the oesophagus represents the rudiment of the nervous system (m). 
Stu-B8 also found within the larva a lai^o accumulation of richljr 
granulated cells distributed in a definite manner, somo of which 
are no doubt glandular colls. Two circular structures lying at the 
bases of the anterior extremities are regarded aa the external 
apertures of glands (so-called stigmata of the glands, Figa. &8 and 
59, dgi). 

The Encystod Larva. The larva which has become free in the 
iiittistino of tbo intermediate host, by the help of the boring 
apparatus at the 
anterior [lole of 
the body and the 
limls, traveraes 
the wall of the 
intestine and 
passes into the 
other organs e.jf., 
the liver, where 
it becomes at- 
tached and en- 
closed in a fibroua 
cyst derived from 
the tiasues of the 
host. It here 
passes thioogb 
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muulla, during which it throws off the limbs and the 
The caudal appendage aUo disappears, and the larva 
compact cylindrical fono. Lbuckabt found, seven 
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infection, in the cysts of P. ta&iioides, liesidea the worm-, or, rather, 
maggot -shaped Inrvn, two cast integuments, on which conlil be 
<listin(juiahed remains of the omhryonic chitinous structures, viz., 
the dorsal fross and the chitinous oral horeeahoe-ahaped band, and 
probably oIbo the remains of the truncated limbs. Several further 
moults then take place, a long time Iwing occupied by this develop- 
ment; five to six months, according to Letckabt, pass before the 
larva of P. laemoidgg attains its full development in the intermediate 
host. The development of P. prohoscidtum is somewhat more rapid, 
but also occupies several months (Stiles). 

"While the larva remains in the cyst, and during the course of 
several moults, the most important change which takes place is the 
development of the internal organs; the external form, however, 




rFtrutor inUKlu of Uie phuyax : 
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also undergoes a few changes, to he described below. The internal 
organs of the free larva, as far as could be sscertained, seem to ]}as& 
direct into those of the encysted larva and of the sexually mature 
animal. The intestinal canal, which was not extensive in the free 
Inrvn, widens and becomes differentiated into its separate regions, 
pharynx, oesophagus, and stomach. The latter soon becomes very 
large (Fig, GO, inn). It ends blindly posteriorly, and only becomes 
connected later with the proctodaeuni (eii). 

The accumulation of cells round the oesophagus present in the 
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froe larva (Fig. 59, n) during later larval life dcvelope into the 
sub-oeaophageal mass ami the oesophageal ring, which represent 
the central nervoua system of the a<Iii]t. The aub-oeaopbageal mass, 
in early larval life, is much larger than in the adult anitual, anil 
occupies a conaidentble part of the ventral surface (Lxuckart, 
Figa. 60 and 61, n). 

The rudimentfi of iho genital organs con be recognised early, bntt 
according to Lbdcrart, it is at first impossible to diatinguisb tl(« 
two sexes. A long, unpaired strand lying dorsally to the stomicli, 
the germ-gland (Fig. 60, gil), forks anteriorly to form two strands 
(the rudiments of the efferent ducts, ag). Tliese two strantU 
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embrace the anterior port of the stomach, and, after rcunitillg 
ventrolly, open externally in the region of the ganglionic mu> (a). 
There is very little difference in this rcsiiect in the male ; the genital 
aperture in the adult male retains iu primitive position tn tb* 
anterior [mrt of the body, not far behind the mouth. The genital 
aperture in the adult female is, however, found at the posterior end 
of the body, quite near the anus (Fig. 62, m) ; and LnrOKAkT 
aMumes that it has been thus disphiced on account of greater grawth 
of the part between it and the moutli taking place simuItBBeoattjr 
with arruit of growth in the posterior region. Fig. 61 reptesenia 
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a tranaitionary stage, in which the genital aperture is already shifted 
further back than in Fig. 60, The differentiation of a vagina from 
the primitive genitid duct has here already taken place. In Fig. 62, 
the genital aperture has already assumed its final position near the 
oaus. 

Stiles gpwks of & diiTereutUtion of tha mxea at an oarl; stage ; but the 
stages described by him in P, probMcideiim seem to us to bo somewhat more 
advanced than those observed by Lbuokxbt in P. taenioidfs. 

According to Hotle, it appears that the geoiUI glands may origiDsl!; liare 
beeu [aired. If tlits were the CMC, we should hove, in the fuaiou ot the germ- 
glands to form a siagle organ, a process similar Co that in tlie AcArina (p. 101). 
The |iosition of the (female) genital aperture at the posterior end of the body, 
which is in opposition to what is usual in the Arnclinida, might, according to 
Lev:.'KABT's explanation, be regarded as secoudary. 

The botly of the encysted larva after the first moults looks quite 
smooth, hut later a series of rings make their appearance (Fig. G2). 
These first arise in the middle of the body, and spread anteriorly 
and posteriorly. These superficial markings cannot be regarded as 
equivalent to actual segmentation on account of their late appearance 
and their development. In some Pentaxtomtdae, e.g., P. protelts 
(Hoti^b), they are somewhat broad, and constrictions form between 
them, thus increasing the resemblance to a true segmentation. In 
P. pvohmcideuin also such an appearance can be remarked, and is still 
more conspicuous in P. taenioidee. In other Penioilomidiie, raised 
rings are found like broad hoopa round a barrel, separated by inter- 
spaces (Van Bbmkubn', Jacquart), 

Small circular apertures in the chttinous integument are found 
distributed all over the surface of the body, and later, in consequence 
of the formation of rings, arranged in transverse rows upon it. These 
resemble the two glandular stigmata of the four-limbed larva 
(Fig- 62), and were regarded by Lbuckart as the apertures of 
integumental glands. A differentiation of the chitiaous covering of 
the body which arises in later larval stages is found in the so-called 
circles of spines which appear at the posterior edge of each ring, and 
are characteristic of the fully-formed larva (Fig. 63, si). The larva 
of P. laenioideg, which was formerly taken for a sexually mature 
form and called P. denliatiatum, has the circles of spines specially 
well developed. They are probably of advantage to the animal in 
locomotion. Still more important aids in locomotion and attachment 
are the hooks — two pairs of claw-like clutinous structures (Fig. 63, 
h), which develop in two sac-like depressions of the integument in 
front of the mouth (Fig. 62, kt). The hooks have uo connection 
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witli the lruiicat«d limbs of the larva, nor can they be regarded u 
limba, as might appear from their origin as depi-essions and in Iront 
of the mouth. At a later etngc they shift further bock towards, or 
even behind, the month (Fig. 63). A further differenliation of tho 
surface ia found in the appearance of a targe number of papillae 
arranged in pairs at the anterior end of the body (Fig. 63, tp), wbidi 
have been considered tactile organs (Lbuckirt, Stilks), 

Tlie last larval form aad its tratuference to the final hoat. 
While these external an.l internal ontogenetic 
processes Iiave been taking place the IxmIj 
has lengthened, and has thus been forced 
to curl up in the cyst, within which 
the general form uf the adult animal is 
reachctl. The lurvu (Fig. 63) now breaks 
through the cyst, and wanden away from the 
part hitherto inhabited by it, the ciiclea of 
s{»neB assisting it in this process. Should the 
intermediate host in which it lives at this time 
fall R victim to a bcnat of prey, the larva |)08siblj 
passes direct out of the mouth of the latter into 
its nasal cavity, there, by renewed ecdysii^ 
throwing off its spiny covering, and finally 
attaining the complete organisation of the 
sexually-mature PentoHomum. But if no auch 
favourable opportunity ia afibrded the larva of 
reaching its final host, it becomes re-encyated 
within the body of the intermediate host 
Encysted larvae which are swallowed by a beait 
of prey with the flesh of the host, and tbns 
reach the intestine of the former, if sufficiently 
mature, break through tho intestinal wall, and 
by active locomotion i-each the TMpiiatoij 
I and till! iiHs.'il cavity (GaaLSCB, STHJtiV 
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3. OeneraJ OonHlderations. 
The most important |K>int in the ontogeny of Pentiuloinum is the 
appearance uf n Inrva fumislied with two [mirs of limbf. Thia 
larval form dislinctly indicates that in PenlMtonmm we have an 
Arthropod, a fact which is not so evident from the orgaDiratina 
of tho adult. It was this larval fonn above all that led to the 
classing of the PaUariomidae with the Acarina. The umilari^ 
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woiilil bo still greater if a six-liuiTwd lar^a also appeared iu 
Penl'uiomum, na was maintained by Db Filifpi. UnfortunaU'ly, 
but little reliance can be placed upon this otherwise important 
statement, as may be seen from a glance at bis figures. A direct 
comparison of the Penlaet&inum larva with an Acarid larva is 
inadtiiissible on account of the absence of mouth-parts in the 
former. In this case degeneration may, indeed, have gone oven 
further than in the Acarina, and it is gjoesible that Pentadomum 
may be derived from forms resembling these latter animals. Certain 
Aeari<la, e.g., the Pkytopla, in which two pairs of limbs diBappear, 
and in which the body is lengthened (pp. 107 and 108) might 
be regarded as indicating; the possible line of origin of a form 
like Peiitastojnum (Lbuckart). But it must be expressly iwinted 
out that there is uo definite ground for this view, and that 
PentMtomum might, with almost equal justification, be derived 
from some other group of Arthropoda. Unfortunately, the organi- 
sation of the adult also fails to afford any definite clue, but oidy 
makes it clear that Pcjilaatomvm is a form much reduced by 
parasitism. Important systems of organs, such as the respiratory 
and excretory systems, wliich elsewhere, by their charact^iristic 
development, help to determine systematic position, are wanting. 
A distinct blood vascular system also is not developed. In the 
transversely striated musculature, on the other band, we have on 
Arlbtopodan character, and it has already been pointed out that 
the genital organs con, perhaps, bo interpreted in this sense. The 
ovary in its structure recalls that of the Arachnida, the eggs 
bulging out like follicles on ite surface, and giving the organ an 
aciniform appearance. 
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OvipoBition and Care of tlie Brood. The Pantopodan femalo 
does not deposit her eggii ia tiie usual manaer, but transfers them to 
tlie male, who attaches them to hia third pair of limbs, the so-called 
ovigeroua liiubs (Figs. 74, S, p. 157), and carries them about until the 
embryo is mature. The eggs are usually collected into large chtmps, 
containirig as many as 100. Several euch clumpa are found on ono 
male, so that, if well laden, he may bo found to carry 1000 eggs 
(Dohrn). Although in such cases, and generally among the 
Pantopoda, the eggs are very small, they ate comparatively large 
in Pallene (0'25 mm. in diameter), ^ing, for example, 135 times 
the size of an egg of Phojtkhitidium or TanyHyhim (Moboak). 
Fallene carries only a few glutinous egg-cluuips, each containing 
only two egt's (Dohrn). Ni/mjikon, according to Hoes, has specially 
large e^s (in N. hrevieaudalum, 0"5 to 0"7 mm. iu diameter), but 
yet carries a great number. The iar^e eggs are vety rich in yolk, 
the smaller ones naturally have less yolk. The eggs arc spherical, 
and eacli ia surrounded by a delicate membrane (Fig. 64, B). 

1. Cleavage and Formation of the Garm-LayeTa. 

The cleavage of these eggs is total {IIohrn, Hokk, Morgan); 
but those genera which Jiave small eggs {e.g. Phoxiehilidiam 
and Tany»iyhiiit) show equal cleavage, those with larger eggs 
{Pailene, Nijvipkon) unequal cleavage (Morgan). 

Up to the present time but little has been known concerning the 
early ontogenetic proeeases in the Pantopodan egg. Many years ago 
(1843) KoLLtKER gave an account of the total cleavage of the egg, 
and Dohrn has more recently described a few stages in the cleavage 
of the eggs of Pi/cnogonum that confirm the above conclusion. Hoek, 
in examining the Challenger material, found a few ontogenetic atages, 
which, however, could naturally only give a very incomplete idea of 
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the ilevclapinoiit of the embryo. Uoek nfteriraTds IrieJ to complete 
his account by means of obeervations mnile on ItTing specimena 
(PalliTie, So. 7), Mohoas next inveatigatcd the clwivage and 
fonnatiou of the germ-layers in these aniniaU (Nos. 10 and II), 
and in a more recent work (No. 12) he gives a detailed descriptioD 
of these processes in several Pantopodims. 'We shall thus have to 
rely chiefly oq hia account of these processes. 

In Pallene, thu first lino of cleavage divides the egg up into two 
blastomercs, one of these being large, and the other only about a 
quarter of its size (Morgan). Each of (he two spheres is tffdn 
divided into two by a cleavage taking place at right angles la tba 
first, BO that two micromeres and two macronieres are now fonn«L 
The third line of cleavage ia perpendicular to the two former linee, 
and gives rise to four micromeres and four macromeres. This stago 
is fallowed by one of eight amall and eight large cleavage-spheres. 
From this (Mint onward the laicronicrea and the macromeres do not 
divide at the same rate. At a later stage, sections present an 
appearance like that given in Pig. 65 ^I, except that the pole of th« 
micromeres consists of smaller cells than are there figured. The cell* 
are pyramidal, but their boundaries do not in all cases extend lo the 
centre. We here find un indication of transition to the next im- 
portant stage. 

Un«*]ual cleavi^ Kemi also to ooaai ia the eggi o! Xj/nphon frrwicatutataJKi 
which arc ricli in jolk, Tor, acoording to Hoek'h tiguro [Fig. S, PL lix.. No. S], 
one lialt at the egg at t bte «t«ge is coupoieil ot mulUr ooll» than the other 

hair. 

The nuclei of the pyramidal cells, tc^ether with the surrounding 
protoplasm, shift to the poripUeTy (Fig. 64 .-! and B), the bouudariM 
of the blastomeres being retained to a certain extent {dp). To somo 
degree, however, they disappear, this being specially noticeable 
towards the centre of tlie egg (-4 and li). The nuclei are surrounded 
by areas of protoplasm, which send out processes into the yolk. 
Since these complexes of protoplasm, increasing in number by 
division and shifting closer together, yield the blastoderm (Fig. 64 Q, 
> stage like that seen in the Araneae is passed through, i.e., the yolk- 
appears first divided up iato pyramid:} which disintegrate later. 
According to Hokk'b description, this breaking up of the yolk can 
still be distinguished in later stages after the blastoderm has formed 
(f/. figure of Ntjmphon breviaaudalum, Xo. 6, I'l. xix., Kig. 5). In 
lie centre of the egg a cavity apjienrs (Fig. 64 ,1, /k), which must 
be regarded as the cicavage-csvity. Its occurrence, however, doe* 
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not seem to be conBtant (Moboan), and in any case it soon disappears 
again. This also, if proved to be correct, would constitute a certain 
analogy with a condition described for the Araneae (p. 39). In 
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them also there is a tritnsition from total to superficial cleavage. 
There is also a concentration of the blastoderm towards that pole 
at which later the first indications of the embryo appear (Fig. C4 C). 
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The peripheral cells, which were also formerly present at the opposite 
pole (A and B), disappear. 

At a time when the blastoderm only partly surrounde the egg, a 
few eella of araooboid form arc seen lying below it (Fig. 64 C). 
According to Morgan, cells are given off first at the pole of ibe 
micromeres, and then at other parts uf the periphery. Tlie»e cells 
arise by division of the pyramid.il blastoderra-celb in a tangential 
direction, n process which HontiAN, compnring it with Ihe result of 
obsetvatioQB on other Pantopoda, considers to be one of delaniination ; 
a lower celMayer forms, which is no doubt to be regarded as the 
entoderm. This view does not appear sufficiently supported by the 
facte as yet known, and Morgan's observations have made possible 
another assumption with regard to the formation of the germ-layi-is. 
At the |iole ol the egg that is richer in cells a thickening npjieata, 
which has iKcn compared by Morgan to the primitive cumuJua of 
the Araneid egg (p. 42). A depression then appears at this point 
(Fig. 64 D, e), and from thia an active proliferation of celb tokea 
place. Morgan himself regards this as the formation of the meso- 
derm, and believes that some of the amoeboid cells which grow into 
the yolk are also of entodermal nature. The two germ-layers an not 
yet distinct from one another. In any case, tlie whole process shows 
great similarity to the formation of the germ-layers in the Antneav. 
Amoeboid cells are formed which grow into the yolk, and give riaa 
later to the enteron. That some of the cells which originate near 
the invagination represent the rudiment of the mesoderm cannot be 
doubted. These cells soon increase greatly in number, and become 
arranged into two bands, tho mesodemi-bands. The invogiitaUoti 
which, on uccouiit of its relation to the formation of the genn-Uycr% 
might be n-gaided as the blastopore, is held by Morgan to br tbn 
etomodaeum. 

Tlie two genera Tanytiyltirn and PhixirhilitUum, possess suialler 
uggs leas richly provided with yolk, and these differ in their devetop- 
mvnl from tlie larger eggs just described, inasmuch as tlicy undergo 
equal cleavage, by means of which the egg breaks up into two, four, 
eight, and sixteen blostomeres of equal si^e. In consequence of thia, 
the pyramidal cells of a later stage ure also u]>proximately et^ual in 
Mza (Fig. 65 A). The fact tliat tJie yolk cuntuintKl in such on egg ia 
smaller in quantity than in the other egg leads to a difference in tba 
further development. Au actual blastoderm is not at first formed, m 
in PiiUem; but forms later by n proccsa of <lelamination (Fig. 65 B). 
A cleavage-caTity also seems to arise, as may lie seen in Fig. 65 B. 
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Each of the pyramidal cells divides tangentially into an inner and un 
outer cell, both oi these cells then cotitinuiDg to divide. The outer 
cells form nt the periphery a Tegular layer, the blastoderm (Pig. 65 Q, 
bl), while many of the inner cells lose their regular boundaries. A 
yolk-mass thus arises in ^i-hicb isolated cells lie (C, li and z). The 
inner cella, which were evidently the richer in yolk, have now fused 
lo fonu a common mass. The embryo thus shows a condition similar 
to that of other Arthropoda, e.g., the Araneae, there being a 
peripheral kyer of cells (the blastoderm) and an inner yolk-mass 
with cells distributed in it. The latt«r, indeed, arise in a different 
way in the Pantojjoda, as is shown in Fig. 65 B. The formation of 
the germ-layers could not be more exactly made out in eggs with 
^aai cleavage, but Morgan assumes that the enteron is formed from 
the inner cells (the entoderm). Iti these forms also, KfoRGAN early 




noticetl a deprestion of the peripheral cell-layer, which, like the 
depression already described in Pallene, he regarded as the rudiment 
of the stomodaeum. This depression is triangular, a fact which has 
led to ite being compared with the triangular stomodaeum of the 
Araneae. 

In view of the colDparatifely slight knowledge ithich we poaseaa oT the liral 
ontogenetic processeB in the Pnatopoda, it would be too tirosiimiitiiouB to try to 
T'lnn Cnrther concltimiiiu. It has alrusdy li^en mentioned that a certain agree- 
RHint with the condltioui iu the Araneae exists. The splitting of the blastodcmi 
into two laycri uuuiitained hy Muhoak recalls the procewes in the P«endo- 
■O'lrpioiles (p. 28); but these also are too little uuderetood to allow of further 
«nro|iarison. The commenceniuuC of development and the further dilTerenliaCion 
at the one pole might be comjurt^d to the rormatiou of the gemidaycrs in the 
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ArachniiJa over it liniited area of the blastoJerm. Moeioan' states vary <lcfii]|l«lj 
tliaC tliiH budding'Otr of &u inner Ujer of cells or nialti[>oUr delamiuation Uk** 
place in Pallene slowly, while the onter layer of cells is growing round the jrotk ; 
this we might pcrha|i» refer to an ingrowth of cells with a circnnicresceiioe of th* 
yolk, and compare this procow wich the corTeeponding one in the Scorpion. Il 
is advisable to direct the attention of future observers to this point. When tlw 
depression of the blastoderm described above appeara, the entoderm, acooiding 
to MoROAK, is already formed : tlie depreuion could not, therefore, be comparvd 
with the blastopore, althoagh in other respects such a compariaon is tuggtMed, 
all the more so that MOBOAH thinks that the mesodemi arises round thta 
depretaion. The bet that other processes in the Pantopoda reseniU* IlioM in 
the Arachnida is proved by the formation of a gerai-band which, honrsr, ia 
much degenerated, but at the same time shows a certain reseniblance ta tint «f 
the Arachnida. 

Eggs rich in yolk no doubt represent the more primitive condition in lb* 
Fantopoda, and tbi' fornistion of a blastodenn (of the usual Arthropodan MtMti- 
tution) and of a germ. baud must kIso be regarded as primitive. The redaction 
of the yolk probably had ■ great influence on the ontogenetic procesasa, »Uoh 
thus attaiucU the condition in which they arc uovr found (p. 1G4). 



2. The Farther Developinent of the Embryo. 

Our kiiowlcJ^T! of the dovt-lupiupnt I'f tlie embryo and the origin 
of itfi organs is alill very iiicom|jletc. The following acconnts refer 
chieflj to Pallene, which waa made the subject of careful ittvestigmticm 
by MoROAK. We must, however, point out that PaVent, unlike 
other Patitopods, remains within the egg almost up to the time when 
the adult form ia reached {pp. 148 and 153). 

When the invagination already mentioned has appeared on tlie 
thickened side of the bJaetodenu, otlier Ihiukeuings of tlie surface 
take place. Two of these are oval in form (Fig. 66, g), and lie in 
front of the triangular depression (m). These represent the rudimeDta 
of the supra-oesophageal ganglion. Extending posteriorly from the 
invagination are two rows of thickenings ; these are the rudiment of 
the ventral chain of ganglia (g,r-giy) ; laterally to these the firal 
indications of the limbs appear as distinct thickenings (Fig. 67, A). 
These rudiments, taken as a whole, fonu a haml on the rcntnl 
surface of the egg, narrow anteriorly, but broader posteriorly, whidt 
may with safety be compared with the genn-band of other Arlhii>- 
pods. As the yolk-mass is not very largo, the germ-band covers a 
great part of the egg. Aa the erabiyo develops further, it extends 
laterally, covering a still la^cr part, so that it can no longer be 
designated oa a distinct germ-band, but rather as the emblTonk 
rudiment surrounding the egg. Daring this process the embryo has 
also grown somewhat longer (Fig. 67 A). 
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The orJer of appearance of the Umba varies in the difl'erent forms. 
In Pailene, according to Morgan', the first to develop ia the most 
anterior pair; these limbs lie near the mouth and are chelate, but 
their first appearance has not been observed with certainty. The next 
pair to arise ia the fourth, and, in the gap which naturally occurs 
between these limbs, two pairs 
of ganglia are visible, those of 
the second and third pairs of 
limbs (Figs. 66 and 67 .4). 
The fourth pair of limbs ia 
followed by the fifth and si.\lh. 
The third pair develops Inter, 
but the second pair is alto- 
gether wanting in PalJene, and 
the seventh pair, like the 
third, appears a short time 
before the erabrj'o leaveK the 
egg-envelope. Palhnu is thus 
seen to poaecss, as an embryo, 
all the limbs of the adult. 
In moat other Pontopoda, 
however, this is not the case, 
only three pairs of limbs being 
usually developed irithin the 
egg-envelope. Nyviphon hrevicaudatuvi resembles Pallene in possess- 

g all the limbs of the adult at the time of hatching (Huee). 

lile the liml» are appearing and gradually developing, the rudi- 
I of the nervous system also undergoes further differentiation. 
B pairs of large gangUa can be distinctly made out (Fig. 67 A), 
They belong to the segments carrying the second to the sixth limbs. 
It would be interesting to discover the relations of the ganglia which 
innervate the first pair of limbs to the supra-oeeophageol ganglion, 
I.e., whether they represent a post-oral pair of ganglia fused with 
the supra-oesophageal ganglion, The two anterior of these five pairs 
of ganglia approximate chisi'Iy to each other later (Fig, 72 B), and 
in the adult these two ganglia, belonging to the second and third 
limbs, are united. The ganglia of the first three pairs of ambulatory 
limbs (Fig. 67 A), which appear early, are followed at a much later 
stage by those of the fourth pair (the seventh pair of limbs) and 
the abdominal ganglia. 

Id each of the ectodermal thickenings which represent the rudi- 
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DieiitA of the gaiiglja a pit-like deprt^Bsiou itpjieaTa (Fig. 67 A adiI 
B, e), round which the colls of the thickening show a regalnr 
epitheloiJ urrangemcnt (Morgak). Aa ectodermal dcpresiioD thtis 
htkes port in the formation of the ganglion. The invagination clow* 
later, but its cavity can stitl be recognised after the ganglion ha* 
shifted inward, and has lost its connection with the ectoderm 
(Fig. 68, e). 

When the two anterior pain of ganglia nnite tlicy appear is a aingle pair, in 
which, however, there ore four pits, which pruvn that thii on* pair ia <k 



3 statomeat »» to the participati 
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I of ectodeniuil ii 



I vagina tiotu in 

» drliiiitc, that we do not atvm jtutil!«l 
in doubtin); lliit fact (^. Titpi. 47 
and SS). He liimsvlf compart* ihcsv 
atrncturei with tlie vcnttal ot]{«u of 
Peripalitt (p. 189), and thfre ia do 
ilnubt a curtain ■imilarity between the 
two ; but it muit be )>oiDt«d out thai 
the ventral organs are \ty no mvalu 
in )tii>;li direct connection with Ih* 
gangUa va are the deprasunlu in the 

A [mrticipation of an cctodennal 
invagination similar to the atwivt 
in lliv formation of tlie brain oannot 
be patabljsljed, altbongh it is jnat hate 
tliat we tilioiUd expect it, whan n 
take into account the cerebral |Mt» 
in tlie Arachuida. 

The developmont of the ex- 
ternal shape of the body is c«ni- 
jileted by the addition of the 
missing appendages, the length' 
euing of the embryo, and the 
commeaceincnt of segmGntntion. 
The first pair of limbs ahifta 
anteriorly and doraally. At its 
bnae, the pruboecia or beak 
npiwars lo arise as an iinjHured 
nnterior out^^rowth of the boily, carrying the motith at its extremity. 
At the posterior end of the body, the vestigial abdomen appcus u 
a small pointed appendage, at the end uf which the anus fonnai 

The first of the internal organs to claim attention is the ontoron. 
The entoderm haa become arranged into an epithelium sarroundiiig 
the jolk-maas (Fig. 68, enVf, and from this, diverticula, aUo fiUnl 
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with yolk, grow out at an early stage into the limba (di). These are 
the intestinal caeca, which, in the larva (Fig. 72 A), as well as in 
the adult, run far into the limbs. This arrangewent tecalla that in 
Chelifer, where the yolk also extends far into the lirabs (p. 29, and 
Fig. 16). This is also the case in the Acarina, and in the embryos 
of some Aranene, e.g., AgaJena (Loci). This peculiar feature is 
known to be retained throughout life in the Pantopoda, in which 
the trunk is much reduced as compared with the limbs. These, 
latter also contain the genital organs in tlie adult, and this explains 
the fact that a process of the mesoderm at an early Gta^fe ruDB 
between the ectoderm and the entoderm into the rudiment of the 
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limb. According to Morgan, a cavity bordered by a mesodermal 
epithelium lies at the base of each limb, the mesodermal process 
pstending from this point into the lirab (Fig. 68, mea). Moboan 
<loe3 not hesitate to speak of the body-cavity of the limba. In any 
esse we thus have here the primitive segments which, taken together, 
represent the two already segmented mesoderm -bands. These latter, 
together with the rudiments of the ganglionic chain and the limba 
OH each side, form the germ-haml (Fig. 66), although this is con- 
siderably reduced in accordance ^vith the small size of the egg. As 
these mesoderm-bonds develop ot the thickened part of the blastoderm, 



the region beneath wliich tht meacKlerm extends mny be regard^ u 
the germ-band, the Pantdpoda, as haa already been pointed oul, 
agreeing iu this respect u-ith other Arthropods. 

SliOQld the appeai'ance of primitivo segmenls knd their ext^nsioti into tba 
Umba be conGnned. a atrong resemblinra tn tho ArBchoida wnold b« catabllsbod. 
PcripalM, ind««d, and many of the Insects, ihow the ume arrangenisnt, bnt 
ire do not feel confident in hying ao much stress either on this or on th* 
Biniilaritj to the reatrol organ which HonoAN ipocially points ont. TVui>- 
rerse sectiooii of embryoa of I'allent (Uokoan) &nd of Jfymphan (Rokk) ibow 
unmistakable similarity to sectione or a apider. 

The further development of the mesodemi, its relation to the 
adult body-cavity, and the formation of the heart, have not yet been 
ascertained vrith sulhcicnt certainty. The heart appears in the dorsal 
middle line after the mesoderm has already given rise to a number 
of Buhixocoele-like cavities. More accurate accounts of the participa- 
tion of the primitive segments in theee processes (the further 
differentiation of the mesoderm and the formation of the heart) 
would be of great interest. 

The mesodermal tissue with its cavities increases in extent as tb* 
yolk-mass degenerates. Tho latter is absorbed by the surrounding 
entodermal epithelium, Yolk-cells do not appear to play any 
special part in this process, and may, indeed, bo wanting. The 
enteron becomes connected with tlto stomodacum, which is derired 
by UoaoAN from the invaginalion aln^ady mentioned as appeuing 
very early. The proclodaeuin does not appear until very late, when 
the seventh pair of limbs and the abdumen form. 



The Form of the Larva and its Transformation into 
the Adult. 

The Larva. Most of the Pantopoda develop through metaincr- 
pilosis. The larvae usually liave three pairs of limbs, bnt some 
leave the egg in a more a<lvanued condition ; the young PaUent^ 
for instance, when hatched ia provided with all tho limbs of the 
adult, and this Ingher stage of development is also attained in the 
egg by a few species of the genua Nijmphon. The Tarioua speciea 
of this genus differ front each other in this point; in some «f 
them the larva, at hatching, has only four or five pairs of Umba 
(Hoik). 

The many Pantopodan larvae that Imvc been described differ only 
slightly from each other, and are easily derived from a larval form 
provided with three pairs of limbs. This form, which w m fiwt I 
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carefully examined by DomiN, baa a compact body (Fig. 69), somo- 
timea almost square, or else roundeJ, seidoin long or oval. The 
body is not externally scgmeiited, although it carries ttiree pairs of 
limba) ia this respect thia larva bears a certnin resemblance to the 
Cniatacean NaiipUui. It liae been compared irith the latter, but 
the resemblance is merely superficial. 
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The larva, aa already stated, ia supplied with three pairs of 
limhfl. The most anterior limb haa three joints, and is chelate. 
At its baso it has a movable spine (Fig. 69, <f), which, in other 
genera, is considerably longer than in the larva of Achdia depicted 
in Fig. 69. This appendage brings tibout a certain similarity 
to the biraraose limbg of the Crustacea, but we would not lay 
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any greot atreaa upon this ]>oijit A tolerably 1 
coiiipaiable with that on the first limb, also occura on tbe two 
following liraba (Fig. C9). TJiat on the first e:ctreuiity, however, 
ia distinguished from the others by having at its point the opertuit 
of a gland (dr). The fine filumente which can be producnl thMUgh 
thia a(>erture serve for attaching those larvae which, after quitting 
the egg-envelope and undergoing the first moult, fix themselvca on 
th6 ovjgeroua limbs of the male. The second and third pairs of 
limbs jjossess hooks only (Fig. 69, //, and ///.). The muscles 
of all the limbs, especially the first, are well developed. Wher«u 
the first are used for fixation, and especially for prehension, the two 
posterior pairs are used for crawling and climbing. These Urva* 
live among algae, Hydroids, etc. 

Another feature of the external organisation of these larvae l» 
the proboscis, or beak, which arises as a ventral conical outgrowth 
between the bases of the anterior limbs (Fig. G9, •). At itfl tip 
lies the oral aperture. 

It apiican u if tlio proboKii nrosu near tb« sUmodMimi as an Fctodenual 
outgroKtb, altliougli aoiue have been incliued to attribute its nrij^n tn CuakiU 
of the ujiper lip with a pair of liinba (AncERl). It ifl impowibU to decide 
whether nn mv jiutiGed in camparinft it to the pTOviiional jiroboKi* of Cheli/tr. 
which it ranuut lail to recall, on acvoutit of the aliglitnesa of our knowledge of 
this Utter organ. 

The intestine is already provided with outgrowths, the anterior 
pair of which are beginning to extend into the first pair of limb* 
(Fig. 69). From the intestine, fibres of connective tissue extend to 
the body-wall. The anus Joos not yet seem to be present (DoHsy), 
and no doubt does not api>ear until later with the rudiment of th* 
abdomen (Fig. 71 B). 

The nervous system of the larva consists of the Bupra-Desophageat 
ganglion and only two pairs of ganglia on the venttsl side. Im- 
mediately above the supra-oesophageal ganglion lie the two eyes 
in close contact (Fig. 69). Tbe manner in which these arise is of 
special interest, as it apjtears to offer a further point of agreement 
with the Arachnido, 

The eyes, like the nervous system, attain full development daring 
metamorphosis. The two eyes of the former stage are now jointd 
by another pair. Ho as to understand how Lliesc develop wc shall 
have to explain briefly the structure of the Pantojxxlan eye, which 
is as yet very insufficiently tmderstood. Tlic^e eyex, like thow of 
the Araneae, consist of n corneal lens, a subjacent hyjiodcrmU 



{vitreous body), a thick layer of retinal cells, anil a layer of pigment 
behind the whole. In the retina, the cell nuclei lie in front of the 
T0<1»; these latter (herefore hdimg to the jtogterior part of the cells, 
and thus come into direct contact with the pigment-layer (Fig. 70, st). 
Tlie nerve-filires become connected, however, jrith the outer etuis of the 
visual, relit, bo that here also the aame conditions prevail as are found 
in the posterior middle eyea and tlie lateral eyea of the Araneae 
(Fig. 31, p. 64). This last point, which seems to be implied in the 
description given by Hobk, has recently been eBtablished by Moegak 
(No. 12). 

The ontogenetic stages, as well as the adult stiuctute, cloaely 
resemble those of the Arachaida, as may be seen by comparing 
Kig. 70 with the ontogenetic stages of the eyes of the Scorpionea 
and the Araneae illustrated in Fig. 10, p. 14, and Fig. 35, p. 66. 
In Fig. 70, an invagination extending from one aide below the hypo- 
dermis is suggested. The retina and the pigment-layer thus arise, 
and out of the superjacent hypodormis the layer forming the vitreous 
body, which secretes the lena ou its outer side. An inversion thus 
takes place in the formation of the eye, and its innervation would 
be from the first explicable in the same way as that of the eye of 
Uie Araneae. 

In earlier stages in the development of the eyes, an invagination 
is not BO distinctly recognisable 
as in the eyes of the Araneae. 
The different layers of cells lie 
somewhat close to one another, 
and MoROAN assumes that no 
actual (complete) invagination 
takes place,' but rather that 
new cells are continually being 
added to the eye from the 
point of ingrowth, and thot 
thus finally the layers, like 
those in the Arachnid eye, are 
formed (Fig. 70). A thicken- 
ing of the hypodermia, which 

appears laterally to the eye, perhaps yields the new 
This hypodermal thickening recalls the one found 




Fio. 70.— Longlloaii 



the pmWrior eyei of Iho loni of Tanipltlitn 
(BlMr Homab). c outiolB ;(«,»», ectodenn 
(hy pDdurmii) ; gk, vltrixniH body ; ji, plgnunl- 



1-materiaL 
the Crus- 
tacean eyea and those of Linnilag (Vol. II., pp. 280 and 359). 

The dci-cloimieiil nad tlie sttiictvire of tlie Pantopodin ejea saggeata throngh- 
oat u «ini|«ri9oii with tliose of Chi; ArBoliuidii. Mohoas's statemtut tlint the 
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rods arise through fuBioD of the roda of two ticigUUiuriiig cells, makoi tbo 
Bimilaritj appear still more strikiDg, and leads to the ume ooncliuion in itoik 
cases ) viz., to a derivation of these apparently limplc eyes Trom compoand tjt^ 
Our knowledsfe of the eyei of the Pautopoda is, liowever, atiU too aligbt to 
allow of any deBnite concloaions ; MonoAK even adopts an altogether oppoalu 
view, and explains the inverMon which in all cases is preaent in then eyo, hf 
the d^cncratiou of the posterior part of an optic invagination and the bettM 
development of the anteriur p>rt In this vaj lie derives the invcrtiNl 
Pontopodan eyas from muli simple eyea (ocelli) as those of Uie Inaeola, Mng 
guided in this decision chiefly by a certain Uiateral lymmetr; in tlic Pants- 
podan eye. But tlmt method of derelopnivnt as it spjiesra iu the ontogeny of 
the eye, i.e., the growth of the iuvagination towania one side, is meitly * 
caenogenetic process, and serves for the quicker nttaiument of the itnicture now 
possessed by the adult eye. It has the significance of an abbreviated develop- 
ment. As • logical Eottwquencc of this view, a eorresponding iMamption most 
be made for tliu AracLnid eyea. We cannot hure examine Hokoah'b tt 





more closely, hut refer to the origLnal IreatiK and to nnr own view of the eyas 
of the Ataolinida given above (p. SS). On the other hand, it miut be menttoncd 
that the dscrtption recently given hy CtAVa |Xo. '2) of lbs nrigiD of liia 
median eye in the Crustacea, iovohtntarily recalls the conditiaD of the eyea 
in the Pant«|>oiU. The median oyes of the Cmetacea are said by CLArs to 
anse by inveriion, and seem to have their elements arranged lilie tliOM of Um 
Pantopodan eyeiL The rods lie on the inner side, directed totrotda the ^ 
cup of the eye, while tlie uerve-fibres join them from the opixiaitt * 
also lie the nuclei of the retiusl cells. 

Tho principal chaD^^ which brings about the t 
the larra Into ibt «lalt is the (oniiiitiLiQ of new aegincnta al th« 
posterior part of tliu lioly. The limbs alrenily present either \mm 
directly to lite lulult, merely growing iinil developing further, or 
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soHR' of them, usually the sceomi or thinl, and in mnny cases Ixith 
of these or eveu oil the three aoteFior pairs temporarily degenerate, 
the correspottding adult limbs growing out at the same points 
(DoBRN, Hoek}. In PallcTie the gerond pair is wanting, and does 
Dot even occur as a vestige, while in Tanyitylwn the fint pair is 
wanting as a functional appendage, but appears ontogenettcally as a 
well-developed pincer-carrying limb (Fig. 71 A and B), and only 
gradually degenerates in the later larval stages; it is still present in 
the adult as a small, vestigial two-jointed bud (Morgak). The 
position of the second and third pairs of degenerated limbs is 
marked by the appearance of the apertures of what are presumably 
excretory glands (coxal glands). The tubular spine of the first 
limb, through which the above gland opens, is throivn off in one of 
the moults and gives place to an ordinary short spine, It has 
therefore the significance of a larval organ. 

The first indication of the formation of new body-segments is, 
according to Dohbk, found in a paired swelling of the intestine 
behind the last of the larval limbs, accompanied by a bulging of the 
body-wall. At the same time, in the posterior part of the ventral 
surface, a thickening of the ectoderm appears which is the rudiment 
of a new pair of ganglia. The ectoderm begins to become wrinkled 
in the posterior part of the liody and rises up above the newly- 
formed lower layer. The larva now moults, after which it is evident 
that a limb has apjieared on the bulging of the body-wall just 
mentioned; into this limb an intestinal caecum is continued. It 
is thus clear that this is a new limb, which soon develops and 
becumea jointed (Fig. 71 A and B). The other limbs form in the 
same way. Only when the body thus lengthens do the three 
anterior pairs of limbs also take part in the transformation (Dohbn). 
The short aljdomen arises as a ]Kisterior sac-like swelling, and the 
anus appears upon it (Fig, 71 B). 

The transformation of the six-limbed larva just described takes 
place in some forms, as has already been mentioned, within the 
egg-envelope ; Nymphan brevieollum, for example, leaves the egg 
when provided with five well-developed pairs of linilis (Fig. 72 
A and B), and the first rudiments of a sixth pair. Other points 
of its organisation, ca])ecially the shape of the limbs with the 
intestinal caeca extending far into them, can be made out without 
further assistance from Figs. 72 A ami B. The young of Nymphon 
brevicaudatum possess all the limbs at hatching (Hoek), and the 
eame condition is found in the genus Pallene (Uohrn, Mohoan), 
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During metamorphoeis, the TitOiments of the genital organs which 
were not observed in the six-Iiinbed larvEi become recogniMblc^ 
In the Inrva with four pairs of limbs (Fig. 71 B), a compact man 
of cells, the first rudiment of the genital gland, lies in the niedEao 
line doraally to the enteron, aomeivhat near the fourth pair of 
limbs (or first ambulntory limbs). The anterior end of thia moM 
splits later into two parts, which grow out towards the hnses of the 
limbs just mentioned. The posterior end of the germ-gland then 
splits in the same way, the genital tubes which nm into the limbs 
thus atiaing. The wide tubular rudiment of the heart has formed 
at the anterior part of the boilj, also from mesoderm cells, domlljr 
to the genitiil rudiment, and thus directly beneath the integiimonL 




„„,.A". ^'vt>lroUl■■l wxin iRvr hiWbini:;. A, donal, B, TCBttal *^ 
Ui« nre uiurlor llniU: bg, ventiml chain ot gKBglla; 4, JtHk-m 
Ig jrolk-fllled (Dteron In tbt Dubi g, bnlti ; t, probOMi*. 



The diScrcucca obserrcd ia PalUtu and Xympkon give tin tn the qnMtioB 
a> to whiali matlioi) or devdapnisDt ia to be considvrvd tlia more primitin 
amon); thn rnnlopoda ; in this respect the appesntnco of larval nr^n* aad ttw 
aaitiiig of a larval integument, observed 1>; Dohbn in faiUnt, aaggaat that 
tlia direct development of this fomi must be regarded merelj- u an abbreviatiaD 
of tb* indirect method of development, and that tbe latter i* th« tnoN 
prinitira. In ooruequence of the more complete development of the ombrTaa 
in tha vgg the latUr must hare a riolier anpply of nutritive material. Tbe 
large amount of jollc in the eggs of PaUeite and Ifym^ttm mmb], undar thcaa 
eiicnmalancea, appear aa a later acqiijiiljoii, and it then teem* doubtfiil nhathar 
we ought to aacribe to tlie (int ontogenelio prooeiaea of Ihsaa rgga a tnilj 
~ 'e character, although we feel Inclined to do «o on aooouiit of Iha gnaUr 
■ of their davelolmient lo that of otiicr Arthropoda. 

9 conrie of derelopment in PhoxlchUlditim differs from tlwt 
'-• other Panlopoda in that the form of llm larva ondergOM 
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considerable degeneration before pnssing into that of the adult. 
This is connected with its parasitic manner of life. 

On loftving the egg, the larva of Pkoxichilidium posseBses on the 
whole the organisation of the usual six-limbed Fautopodau larva, 
but is diatinguialied from the latter by the fact tlidt tlie usually 
book-like terminal joints of the two posterior pairs of limbs are 




Fin. IS.— VulDDi tnrval atagea at rhirlMIUUiim 
fne Um wttb the tendrll-llkr na^fllae on Cb< 
B-D, limL atAge« ronnd in Hydioid iwlyiis. 



r DoHRH, aiurEB, BDd Adlkbe). , 
putcrior pBin of llmba (If iDd !!. 
more hlglity iiiAgitiDed tban Iha oth 



much lengthened, and form long flagellae, which can coil up like 
tendrils (Fig. 73 A). These flagellae, which may be much longer 
than those represented in Fig. 73 {e.g., in PhoxidtUidium femoraium, 
(Hokk)), are probably used for attachment, the larvae winding them 
round the Hydroids (f.^., H'/'lracfima, Podoeorijne, Tul/iilaria, 
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Ptumularia), which are chosen bj' them as hosts. Dohrx oaaiuuM 
that the larvnc, after attachiDg themselves to the Hydroids hy the 
help of the flagellae, throw off during a modlt the two posterior 
pairs of limbs that carry the latter, and pass through the onl 
aperture of the polyp into its gaslral cavity. They are certainly 
found later in such a position, and here pass through the futtivr 
stages of their development. 

The Wndril-like flagellao seem not to occur in all Pharidiilulut, tot R. vn* 
LsyDKriFBLii has described a larvs of Ph. plutnulariar not diatingnUlied in ■■* 
way worth mentioning from the iiniol Pautopodan tarva. This l»rv» fnnhtr 
difiere from other I'liotichilidia in its manner of life ; it don not penctrala Into 
tho polype, bat only attaches itsalf to them by the helji of iti pinocn «ltd by 
burying its beak in the host's body at tlie base of the head. The larra remains 
in this position until it has shiiost attained the form of the adult animal. 
Wo may gsther from v. Lbiiuknprld'h description that the fnrthcr JevdoptaMiI 
of the forms discovered by bttn takes place as in other PhaxichHidia, for ha alio 
mentions a two-Iimbod sl4iAe. 

It haa already been sttit€<l that the larvae cost off the flagellar tad 
limbs at ecilyais (SENrsR, Dohhn). The larva moults several titnea 
(Fig. 73 B), the second and thirti pairs of limbs degeneiating 
completely (Sbmpbb); but, according to Adlbrz, some vestiges ol 
the posterior pairs are retaired (Fig. 73 C and D), and it ia in 
place of these that the second and third limbs of the adult ariae. 
The larvae, several of which often occur in one polyp, with their 
large anterior limbs, have a very peculiar appearance (Fig. 73) in 
this stage. In the following stages the limbs are found to degenerate 
still further (this is also evident from the figure given by Adlebx). 
but, with the bulgings of tho intestines, tha rudiments of the 
posterior segments begin to appear. The ganglia of these develop 
and the outgrowths of the body-wall which yield the limbs soon 
appear (SBHrER, Adi-kiis). These processes seem, on the whole, of 
the same nature as those before described. When tliree {lain of 
ambulatory limbs have fomied, and the fourth is present aa a 
rudiment, the young Phoxichili-lium leaves the polyp and leads 
a free life. 

4. a«n«r&l OonsideratlonB, 

Altlioiigh much has lieen written as to the relationships of thf 
Pantopodn, these ate still far from clear. The ontogeny of then 
animals, as far as it is now known, unfortunately throws little li^t 
upon the subject. In comparing the Panlopoda witb other diriaiona 
of the animal kingdom, attention is turned chiefly to tho CnistaeM 
and the Arachnido. The fonu of the larva is of tho gi«atMt 
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importance in a comparison with the former, while in comparing 
the Pantopoda with the Arachnids llie shape of the adult receives 
more attention. It cnitnot be denied that the whole appearance of 
the Pantopoda su^ests a certain simllarily to the Araneae. But 
a nearer comparison at once reveals a diihculty, inasmuch as the 
Pant^ipoda possess one pair of limbs more tbau the adult Arachnid. 
An attempt has been made to overcome this difficulty by considering 
the first two pairs of limbs of the Pantopoda (Fig. 74, 1 and S) 
aa equivalent to the chelicerae and the pedipalps of the Arachnida, 
and the third to the sixth limb of the former as equal to the 
ambulatory limbs of the latter (Fig. 74, S-€). The ovigerous limbs 
(Fig. 74, S) would thus represent the first pair of ambulatory limbs 
of the Arachnida, and the seventh limb would be tlie homologue of 




the first pair of abdominal limbs, In view of the (act that in tlie 
Insecta an abdominal segment is separated from the posterior part 
of the body, and may enter into the closest relation to the thorax, 
aach a view might be defended. Those who adopt it consider that 
the addition of another pair of limbs to those already specialised 
for locomotion was deterrained by the withdrawal of the third limb 
from the ambulatory aeries for use in the care of the brood. 
According to this view, the four pairs of ambulatory limlw of the 
Pantopoda would not be homologous with those of the Araclinida. 
The last homology roust, however, be regarded as possible, and in 
that case the loss of an anterior limb in the Arachnids would hove 
to be assumed. It has already been pointed out (p. ill) that the 
rostrum has been conjectured to represent a pair of limbs. 
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Ill cjirrjiiig further these atCoiu|>ts to lioDinlogisc the linibi, thU lut 
aBnimption leadi to ccrtaio difliciilties u to the position of tlioK now auJcr 
coniideration. A careful examination of the vBiious views held on tlii» «ij1>j«ot, 
which are all more or Iobb speculative, would lead ua too far, but vt luuit draw 
attention to the fact that the ovi^erous limbs have by aomc been rcganlod not 
aa independent limbs, but as belonging to the second limb, 
who adopted this view {Sat. H and IB), in defending it laid weight o 
that the nidiments of the |)edipalp« in the embryos of the AnncM are bi 
(pp. 62 and 113), Each of the branches is said to give rise to a linik Tlita 
view is not supported by ontogeuj, since, in the PanCopodao larva, Ih« utoaad 
and third limbs arise quite seiHretdy. Just as little does ontogeny support tlm 
view that tlic tripartite prohoscis of the Pontopoda arises through the ftiiioa 
of a pair of limbs with an (unpaired) upper lip. A thin) pair of limb* woaM 
then 1)0 added, for it cannot be arauiucil tliat the jiaired iiicces ore merely pa/la 
of one limb. The loss of two pain of limbs by the Arachnida tiu er«a bMn 
■uggeatcd (Cboneiikiu), p. 111). The ontogeny of the Pantopoda se<n>a to ibo* 
tliat the beak is, as DoHiiN assumes, only an outgrowth of the lipa of tlie 
stoniDdaeum. The number of the ganglia correaponds to that of Uie liml*, 
AuLBRZ, indeed, finds (in the adult), besides tlie ganglia of the second and 
third limbs, another pair which itinervatea the proboscis. A final deoiaion ou 
thin point trill only be possible "when the outograclic conditions are cleail} 
established. 

The first limb is innervated from the timin. tvhite the second and third limb* 
receive their nerves from the fli'st ami secoui] ventral ganglia. It vould be of 
the greatest importance to make cnrtaiu whether an originally post -oral gaoglion 
unites with the brain, as in the Crtistacea and the Arachnida. If this is not the 
rate, tlio liuilie lost in the Ataclmida nmnt he considered to bo the fint linibs 
of the Pantopoda, and their homologues must be sought in the coijnrtural 
rostral limits of the Arachuida. It docs nut, however, seem probable that l!i> 
first chelate limbs should be tnie antcunof. and consequcutly not comparable 
to the chelicerae of tlie Arachnida. 

Wo have already several times poinled out variouB Teseiublancea 
between the development of the Pantopoda and that of Uie Arach- 
uida, Iiut tliesc do not appear to us sufficient to lead to furtlier 
ooncluBioiiB as to the relationehip of the two groups. MuncAS, 
chicHy on nccount of his ontogenetic researches, has recently spoken 
in favour of such a relationship. It appears to us that, in taking 
ap this poeition, ho was largely influenced by the structure of the 
Pantopodan eyes, Jlul Claub has recently slioivn (Vol. ii., p. 167, 
and Vol, iii., p. 115) tlinl tlie median eyes of the CmstaceH also 
arise by invagination, and that their component parts apparenUj 
have the same position oa those of the Pantopodan eyes (No. 3), 
so tiiat in this character there is similarity to the Crustacea Just u 
much as to the Aiachnido. 

In assuming the loss of nn anterior limb, we are obliged lo shift 
back any connection between the Pantopoda nnd the Arachnida to 
very early times in the history of the Arthropods, before the 
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Aroehiiida arose from forms nearly related to the Xipliosura, for 
tlie Araclinidn aip'ee with tlie Xiphoaura iii luuuy more points 
than with the Pantopotla. If wo must remove the union of the 
two to such a remote period, the few points of comparison again 
lose their significance, eeeiug that they refer chiefly to the more 
highly developed forma and not to the lower forms. To derive 
the Pantopoda directly from the Arachnida, however, eeemB im- 
|X)88iblG, the tatter having attained far too high a grade of 
organisation to allow of Buch a derivation. 

Even if the Pantopoda were originuJly related to the Arachnida 
or some other segmented form, they have in their whole organisation 
become far removed from it, and have hecome markedly Bi>ecialiBed. 
The decided preponderance of tlie limbs over the trunk, and the 
almost complete degeneration of the latter (Fig. 74) determined 
the displacement of the internal organs (intestinal caeca and genital 
glands) into the limba. The opening of the genital organ on the 
second joint of the limhs is probably a consequence of this t'hange, 
and thus has a secondary character. ]u those cases in which the 
genital apertares are found, not on several limba, but only on the 
seventh pair, as in Pyciwgmium, we niij^ht be inclined to derive this 
condition from that in Limulue and the Arachnida, in which the 
genital ajiertures lie in the first [second} abdominal segment, and to 
regard it as primitive, but such an nsaumption is not supported 
l>y any convincing evidence. 

The reduction of the trunk as compared with the limbs becomes 
still more marked through the degeneration of the alxlomen. The 
latter ia merely a short, truncated appendage of Iho Ixxly (Kig. 74), 
hut the presence of two pairs of ganglia (Dohrn) shows that it 
originally consisted of more than one segment. In Ammotliea and 
Zete», the abdomen shows esternoll}' a division into two parts, 
and in some other Pantopoda evideoce of a larger number of 
segments (three to seven) is said to be forthcoming (IIokk, ^'o. T, 
pp. 453 and 454). 

Should the Pantopoda prove to be connected at the roots with the 
Arachnid stock, they would thus in a certain way be related to 
the CruBtacea. The latter, liowever, appear to us to be loo far 
removed in structure to admit of any relation between the Fanto- 
podan larva and the Naapiiui. Those recent observers who have 
most thoroughly studied the ontogeny of the Pantopoda cannot find 
any close relation hetween the two. Hobk regards the larva as 
representing the primitive racial form, just as the Nauplitu was 
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foniiprly regarded. Dohrn considers it to lie, like the r^aupiiiu, 
a modified Annelid larva, and derives the Pantopuda from (arras 
reeembling the Annelida. I^Iorqan, liowerer, is unable to accept this 
concIuBirjn, but regarde it as a secondary larval form which can no 
longer be referred to the Annelidan larva. It seems to us that this 
last vien might easily lie reconciled with that of Dobrv. 

DoHRX derives the Pantopoda f^m the Annelida, without relating 
them to the Crustacea and the Arachnida. He tbna t^ganJs thnn 
OS a distinct, independent group, and this is also Bosk's »iew 
(No. 7), JfoRGAN, on the contrary, favours the relationship to 
the Arachnida, a view towards which Schimkbwttsch also inclines 
(No. 15). He attributes the Pantopoda to the sarae racial form 
as the Arachnida, hut believes that they branched off early and 
developed in a different direction. The most recent iuveetigator of 
the Pantoporla, G. O. Sars (No. 13), does not connect them with 
either the Crustacea or the Arachnida, but wislics to make them 
into a separate class. In conse<iuence of all these varying opinions 
we are vinnblo to define with any degree of certninty the systamatie 
position of the Pautoi)oda. On the whole, according to the present 
state of our knowledge, we Bliall do beet to follow the condoaioas 
of DotiBN (No. 4). If, notwithsUiiding this Inst decision, we 
have appeared to place the Pantopoila as next in order to the 
Arachnida, and to dwell on the possibility of the relatiooahip of 
these two forms, this was done for practical purpos», since w« 
should otherwise have been obliged to i^lassify tlicra in a leas sslw- 
factory manner, because they seem to show some alight eimilsrity 
in their development, and a convergence in some anatomical pointy 
to the Arachnida.* 
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CHA1>TER XXIV. 

TARDIGRADA. 

The eggs of the Tardigrada are laid either singly (Macrohiotus 
Hufelandi) or several together, and are left in the cast-off skin of 
the mother. In the case of eggs laid singly, the egg-integument is 
.thickly studded with small prominences which render its examination 
very difficult. When several eggs are laid together the egg-envelope 
is smooth and transparent. The species investigated by Kaufmakn 
seems to have been comparatively easy to study, and he was able t<> 
establish the fact that its cleavage is total and equal, as y. Sibbold 
had already stated. Kaufmann followed the process of cleavage up 
to the formation of a morula stage composed of cells of about equal 
size. He then observed the separation of a peripheral cell-layer from 
the central mass, and the Hexion of the embryo which supervenes. 
The concave side of the embryo seems to correspond to the ventral 
surface, for the limb-rudiments here arise on the two sides. Two 
pairs of prominences appear first; these are apparently the two 
anterior i>airs of limbs, which are followed by the third and fourth 
pair. When the young leave the egg, they possess the full numl^er 
of limbs and have the general form of the mother. 

V. Siebold's statement (No. 4, p. 653), that the Emydiae have only thrw 
}iain4 of limbs when they leave the egg, may he traced to a misanderstanding of 
DovkuE's account (No. 1). This author states that the limbe are here not fully 
deveh){H.Mi, not that one }Miir is wanting. It does not appear from v. Sikbold's 
account that he himself investigated this i>oint, which is of interest in con- 
nection with the comiMirison that has reiH*atedly been made between the 
Tanligrada and the Acarina. 

The accounts of the ontogeny of the Tardigrada are unfortunately 
so scanty that we can hardly gain anything from them applicable to 
the whole group. We cannot even tell for certain if a blastoderm and 
germ-band develop, although this is prolKiblo. The armature of the 
mouth is cviilently a product of the stomodacum, as may be gathered 
from i\\v. study of tho adult anatomy ; mouth-jKirts (in the sense in 
which the term is used of the Arthropo<la) apparently do not ap|)ear 
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even as rudiments.* For tliis reason alune, tlie aaaociation of tlie 
Tardigrada with tho Arachnida nod especially with tlie Acarino, 
which has repeatedly been attempted, chiefly on account of the 
number of limlw, cannot be maintained. With regard to the number 
of their limbs, the Tardigrada cannot be compared with any other 
division of the Arlhropoda, and the form of their limljs is so simple 
as to diatingtiish them in this respect also from all otiier Arthropoda. 
The segmentation of the body in the Tardigrada is peculiar, inasmuch 
as the abdomen is wanting and the anus lies in front of the last pair 
of limbs. In other points also the organisation of the Tardigrada 
shows peculiarities which distinguish it from that of otlier Arthropoils; 
we may mention, by way of example, the unstriped muscle-fibres and 
the absence of special respiratory organs, and of a vascular system. 
For tlieso and other reasons {ef. Plate, No. 3) we are led to consider 
the Tardigrada as a lateral branch t>f the Arthropod stock which 
separated from it near its root, and developed in a special and nniquc 
direction. 
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* {Eblaxgeb (Aiip. U> Lit. on Tai'digrado, Xo. I.)hu in«de An ezhsoBtivi^ 
iUTeatij^tioii into ttie devclolimpDt of Maer<Aiotui taacrimi/x. He tiDiIs tbst 
clEavAf^e ii tol«l sud nquiil and rcsnlts in tlie foniunion of b long, oval blistula 
with ■ clcavagt'Cavity ; an iuvagination-gutnila arises whose buBtoi>ore, which 
occnplea th« pu«ition of the future anui, soon closes ; n very short pructoducuni 
•■ fominl, »iid the arcbeuteron divides into • phsryni, {mllet, and atomach ; four 

r'r* of entaiocoelcs form, and tlie einbry» becoDlf^s divided into a hud and 
r thoracic acgnientB. The headcoelom cnlers inia connecticQ with the fint 
pair of ■ppcndaigfs ; the ooetomic jionches of the second and fourth thoradc 
arjfniauta enter into relation with the r^mainiDg appendnces, while that of Ibv 
tlunl le^ieut rives rise to the eoDsde and ('] lo ■ (mir of enle-'" -i— J- f^— 
oral papillae, tie talivary glan '' '"- --■ ■"■- - 
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ONYCHOPHORA (1'eripaii-s). 



Stmctnre of the Xlgga and Noarishment of tho Young b]r th* 
Kotber. The eggs of Peripatut pass through lliuir duvrlopment in 
the uterus, but there is considerable variatiou in this rc3[wct in Ibc 
iliirerent geographical species. This point has been carefully inT<«ti~ 
gftlod up to the present time in P. noDae-xfilaniliae (AustnUU), P. 
ea/miait and P. Bat/ouii (Africa), and P. Edaartlrii, lonpiattit, umI 
Imthumi (South America). These epecios differ even in tlie site of 
the egg and of the mature embryo. Tlie oval eggs of P. nawu- 
zealaneliae are 1*0 mm. long nnd 1 mm. broad, and the young vhich 
hatch from them arc not much larger than the eggs theniselvM ; the 
eggs of P. eape»»ig and P. Balfmiri are 0-4-0-6 mm. long, but t)w> 
newly-hatched young of the former hae n length of lO-lS mm., uid 
that of Uic latter is about hitif as long. In P. Rhcarthii the matote 
timbryo attains the length of 2S mm., i>., a third of thtt of Uu 
mother, while the egg is here only 004 in diameter. The speciea 
iu which the young aie largest at birth have thus the snulleM 4Bg*, 
and vice feri^t. The explanation of this striking fact is to Iw found 
in the circumstance that in the South American species the tgg or 
embryo remains in close connection vitli the mother, anil b nourished 
by means of n "placenta and an umbilical cord" (Fig. 88, p. 179).* 
This accmmts for the extraordinarily small size of the eggs in Ibi* 
cue, anil for tlieir being devoid of nutritive material. In Ui« 
African species the eggs are laiger, hut the newly -ha tdieil yoaog 
ure smaller than in /'. EilicarJtii, tliere being no correlation b«tweeti 
tlie siin of tlio egg and that of the cmbrj'o, the latter, although not 

* W* ar* here folloiTiDg Uif deftnile itataments of v. Kkkxel (Ko. <), abkb 
r««t upon hU oim nlitervtijoii*, mlttiouBh wa m swirc of th* «UlFni«it> mad* 
bj HimuN (Nu. S) u to th« tl*e of th« nvwly-liklfbcd yoang of F. Mmu- 
Kalaniiai. Tlim-, ■ccordiBg to thii \t\let autlior. iiirunrc ftoni S to 10 mm. 
SiD« V. Kk^'.vil'b «t«tcm«ot« were not oontnulictcil by the man ncmt 
oUcrvm of ths Ptriuaiut of Nvw Z(«1uid, w« niutt M>uni(> that tb* dUTiavM* 
U only apianrnl, and that the XtiT^c Mte of tlia ambrvu a« cMnjiarw] WiUi l&>t 
of 111* ou muat ba traced not t» its greater man*, bii't niliiar lii iU incrma n 



longlh ana i« it* eitaaiiou after l««Thig tht agg. 
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altacheil to the wall of the uterus, is nevertheless nourished by 
fluid yielded by that organ. In tlie New Zealand species, such 
nouriahiuent from the niotliet is not needed, ^ince the embryo ia 
not essentially larger than the egg. Id (his case, therefore, the 
material for the development of the embryo must be contained in 
tha egg itself. It is actually found that the egg of P. novae:xaiandiae 
is very rich in yolk, as are those of moBt Arthropods. The general 
«otuse of its cleavage also agrees with what is found, for instance, in 
the Insecta. Considering the close relationship of Peripatus to the 
Arthrojioda, which can hardly he disputed, it seems likely that the 
condition of the egg of P. novaa-zecUamiiae is the primitive condition. 

It is ptolwhle tliat Prripatut, like tlje Cerr^slrial Attlirapoda generally, origin- 
ally produced egp rich in yulk which it laid. Tliia state af tbinga is recalled by 
the presence otn Hrtiier egg-eiiTeiopc in P. nomt.ieaUi)tdiae, already pointed oat 
by Sedcwick [No. 11) ; the laying of egga not fully developed also in this same 
species points in this Ksme ditoction, oien though we find that eggs laid thns 
ewly do not attain full deTelopiuent (HrrroN, No. 3]. Tha capacity far 
developing the eggs within the hody must have been secondarily acquired. The 
«({g of tliB New Zealand species, ivbich is tich in yotlc and develops within 
the nterui, rtprewnti the first step in thi» newly-aci]uir«l couree of development. 
An accnmalstian of nutritive material in an egg nliich developa within the 
Otero) is uonecessaiy, and this is op|)osed to tbt assuiupllon that in P. noeas- 
sealandiiu we have a specialised form in wliich the egg hS!' been secoudsrily 
sapplted with yolk. A further step in aiJaptation would be represented by 
P. eapeatU. The eggs here show a spongy structure as if (lenetruted by fluid 
yolk, and this, as well as the method of their developmeut, seems to indicate 
that the; to a certain extent repi-esont a degenerate condition of eggs originally 
riuh in yolk. Isolated granules of yolk also npiieAr in these eggs, and in P, 
Bal/imri the egg ia atill somenbat rich iu Jetiuite yolk-niasaea. Id the species 
f<mnd in the West Indies, the noiirishinent of the eiiihryo by the mother has 
beoome so oumplete that no trace of the foniier rich supply of yolk remains in 
the eggs which liave 1<eeomc eitiaordinarily mnall. These biological couditioDS 
aatunlly find expression also in the inctlioi) of development of the different 



1. Cleavage and Formation of the Qerm-Larere. 
Although tlie early 'lovelopineut, the cleavage aud tha formation of the gcnii- 
tayers, has repeatedly lieeu investigated in different species, our knowledge of 
remains very incomplete. This fact is accounted fur by the 



OuychQ|iliora, 



• [WiLLBY (App. to Lit. on 
cog of P. novae-brUanniaf, has c 
eir those given above : and hi 
believca that the ancestral Pfr 
water, and that the intra-nti 
MU|itat)an of the parent to a ten-eatrial 



N"i). 11.), from the study of the 
lis which are exaotly the reverse 
-eenient with v. Kekhbl, who 
i| u small jolkless egg into the 
lU was concomitant with the 
These authors then conclude 



that the development of yolk in the eg^ of P. novat-iialaiuliat is quite a 

j_jy condition, which, Willbt believes, culminates in the return to the 

nma eoudition observed by Des'dv (App. to Lit. on Onychopbora, No. I.) 
otiparut, which Wili-bv regards as a secondarily aciinired habit,— Ed.] 
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diltlciilty of oljluiaing material, for the egg*, taken from liriiig iniuuU brought 
to Enropc, wera lometimea in *ueh > bad condition (Skdhwil'K, No, 10, It. 1., 
Figs. 7-13). that thf researches nisde oil tboni couhl not tm ot any grMl Tilai- 
SomH of the olwervatioua also are inoomplete, or, as in tho ouc of tlie SouUi 
American species eianiin«d by v. Eenhki., important diifDreneM of apiutoa 
arise b«twocn observers (v. Kenhzi. and Sclatkb) wliiuh i.«ti only In- finaUy 
s«lt1ed liy fnrtlier reteanli. A connc<^ted description of tlio lirai oDIagnii>tic 
prooessea and their inIer-reUtioiuhip« in the various apociM is w jrt impaniUe. 
We shall first consider the deTcIopment of P. norae-ualanilun wliieli, liir 
Uic reasons given above, we n'^jard as ahoning the moat jirinutiv* ootidiUoD, 
and then deal with the Arricnn species. Tho Soutli Amcrlean spccios, ftyxa 
what we u yet know of them, Bi-erii to clsini a [losition distinct (rem the 

Peripatns norae-eealaiidiae. 
Cleavage is hern supertiiiai. Tliu- cg^.-s arc rich in yoik, and iho 
ckavogc-nucleiiii uppears to hiivo a |>erijiherul position, lis division 
gives rise to nuclei Hurrounded 1iy ialaiida of protoplasm; theao tor 
tho most part aha lie periplternlly, but single nuclei shift towards 
the centre of the c(^, oa may be seen iu the ligures given by Liluk 
Sheldon {Fig. 75, No. 12) 



n the yolk that this tetWr 
MS (Fig. 76 jt\, stlkongh 
Li I.IAN SiiEt.pOH n-a* not alwaya 
able to prove that tbea« wwk 
regular yolk -pyrsin ids •illiT in 
oHgin nr form. This tireak- 
ing up of Ihe yolk led t»nu*r 
..b«.n'eni [HfTTOS. No, S, 
v. Ktwri.. No. *. Pt M,»hft 
I'tiulit only make oba«mtioas 
II I ti"ulTideut material, to tk* 



It is no doubt due \t 
breaks ap to some ex 



I ,1 tkavage. 

Ai.^conlin^ to the deacrip- 

;i t'iveii by L. SatLOox, 

wL<^ cleavage -iiucb^aa and 

tbc nuclei which first ariM 

sooni to li« on tho later 

^ ' dorsal side and oppoeitv to 

h. -1.B oi i: luwH- ilie point ai which tlie 

rw (.( i.mb.|.u..n, blastouemi forma, Tueoe 

nuclei increase in number 

and form a periiihcral nccumulation (protoplasniic or ]>olar am, Fig. 

76 A, a), slnrting from which, circuincrosceuca of the yolk takes 

[ilocv (fomialion of the blastodenu). The active increttae in number 
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of the cells and their constant Bhifting towards the periphery, leads 
to the almost complete ci re u mere see nee of the yolk as far aa a point 
lying almost opposite the original accumulation of nuclei, where the 
jolk remains uncovered. Here an ingrowth of cella then takes place, 
the appearance of an invagination being thus produced (Fig. 77 A 
and B), The point of invagination is the blastopore {I'l), and the 
baae of the depression is fonned of jolk in which nuclei can be 
recognise<i (Fig. 77 B). The germ-layers do not yet appear to be 
ditferentiated from the cell-mass surrounding the blastopore, which 
represents the rudiment of the germ-bond. Miss Shbldo.\ seems to 
assume that tfau part of the eell-masa underlying the supcrticial cell- 
layer (or ectoderm) yields chiefly mesoderm, while the entoderm 
arises from the cells lying in the yolk, and which, according to Mies 




fit-staklndiiit, A 
m"in<IUis(il 



wjoVi. e. 



Sbbldos, arise and multiply by a process of free nuclear forma- 
tion (1), as she was unable to observe any karyokinesis.* The 
blastopore lengthens later and then resembles a small groove, the 
base of which is formed by the nucleated yolk. We here have a 
resemblance to the condition in P. capennie illustrated in Fig. 84 A. 

Aj far as we can gatlitr froru the description of L. Shu.iwn, tho process of 
otrcuniFruceeco ii regnrded l>y bcr la an epibolic gastnilation. Tho yolk-maM, 
with tlio nuclei poutaiued in it, would ciirrropond to tbe eatoderni. A study of 
tha Ggiirea, however, liaa compelled us to romi another conclusion, which gains in 
probability from tbe fact that we arc here dealing, as in tbe cue of many 

' [It is ertremely douhtful if there is euch a process as free nuclear fonoation. 
All reoent research on nuclei tends to prove that cvtry mieUua origirmUs from a 
}>ra-neu(tn^ nvtioit citlier by mitotic or amitotic division. — Ed.] 
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Arthropod., with aa egg vflry rich in jolk. Whether the Mwtodeni. it iwlly | 




rom one pole, or whathsr thr ■ 


nuclei contained in the ^olk, li; sbiftiog t» the nir&ce, help to fonn it, Uw ■ 




the unif way in viriomi M^n ■ 






Uutopore {if. Figi. 7S and 77). Vie «hoiiU then not be obliged to MadOM | 




in egg. m> rich in yoUc, b«t 1 
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Peripatns capensis. 

In coDseqiieuce of the eggs of PerlpcUu* eapensig being poor in 
folk, their cleavage is apparently t«tul. According to Sbdgwice, 
an nninial pole (corresponOiiig to the later dorsal side) can be dis- 
tinguiehed from a vegetative pole. Two meridional furrows divide 
the egg into four blastonierea of ei^ual size, each of which contains n 
portion of the animal and a portion of the vegetative protoplasm. 
These cleavage- planes are said not to cut through the whole egg, 
the blafdoaieres being united centrally. At a later stage, on equatorial 
furrow separates the smaller ectoderm-cells (animal pole) from the 
larger entoderinal blastomeres. At the close of segmentation, the 
cells are very loosely connected, the smaller ectoderm-cells are closely 
jipjilicd together, while the larger eutoderm-cella are amoeboid and 
scattered irregularly within the egg-menibrane. The stage which 
follows may roughly be compared with the blastula. The entoderni- 
c«lls draw together and lie directly beneath the smaller ectodermal 
cells, which then grow 

round the untoderraal .--"' -,i '^--^ --- 

elements, a solid (and ■■ "\i.-)ifiVr") ,' ' ■ „ 

therefore epibolicjgastnUa -^ (*" .. 

being thus formed in the " - ~-i^' [ 

course of further develop- : jj^ 

nient. The archenteric i -, 

cavity i» said to arise in 
the entoderm through tlie 
formation of "vacuoles"! 

It opens externally at the \ 

jioinl which has remained -^'"[Se. 

unaffected by the cir- _ '" 

cumcrescence, and thus "* 

corresponds to the blasto- via. :!,— s«tiiii H:' ■■ 'Tyo ot i: 

pore. Behind this, -an ^''^t^Myo-^Tul^'yiMs'llu^^^^^^ 
increase in ■ number of nurinc opiihritiiai. 
the cells of the superficial 

layer takes place, which leads to a thickening of this layer and 
then to a separation of the lower layers, that have thus arisen, as 
the mesoderm. During the lengthening of the blastopore, which 
Hoon occurs, and the simultaneoiis increase in length of the whole 
embryo (Fig. Si A), the mesoderm grows forward on Iwth sides of 
the blutopore ftn<l thus yields the mesoderm-bands. The rudiment 
of the gorm-band is thus produced (-Sedgwick). 
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Id tli<> Wttor ijre«erved eggti figured b; Seugwick, large UTilica cad br leni 
in thp protoplaani, ajid tliis Ivads u« to conjscturo Umt, Id tlit noniul conHilkw, 
tlie eggs might be tilled with a more or les« fluid iiiam of yolk. Time c]i*(tfs lit 
tlie IhhI; oF tlis tgg are verj Urge, aecupyiDe a Urge part oC it* iut«rioT, to th«t. 
vhea the very unutishctory ooudition of the uiBtcrilil JUTratigatod is taken into 
accoilDt, we are led to the coneluaion that the cleavage may in tliia caaii aba b* 
aaperiieial. The cantieB iu tlie bla«taU-sbige juat lU'ecribnl would tbea fa« 
filled with yolk, and the gaitruin would perhaps be fumicd l)y inragiuatioa, 
as wai cui^ectiired in the cam of /V noatt-itnUtHdiat. Aa we have not peraonally 
euuiiiued thene eggi, we do imt Tcel jiutified iu giving do&nitc oxpraman to ttitt 
rieu', but we caouot refraiu from makiuft a ranjevture wlijoh ■{•[«an to un n 
proliahU. There would in this case be a certain siiniUrity betwiwti tiie African 
and the New Zoiland ipedes, espocially as it may with |>robability be Mannied 
that egg« poor in yolk are to be derived from eig^ rieh in yolk. Thii laat vie* 
ii held by ScDowtcK liimwlf, and iu a later trestiw (Nu. 10, Pt iil.) lit calk 
the egg of /'. cajitiuii msrobUatic, because of the cenlml eonnectioE 
KlKm as clistiug between tlie btiutoniereB. 



The American apecisB. 
On aucount of the KiiiitU size of their tin 







i«,t<v, «it« vaU et th> 
Of tbr utrrui: O, bUkIbii 
derivMlv*, a«i.*nB and 



I'gg^ ami th<> coimecUon 
between thuae oiid Ihe 
wall of thu utenis. Uw 
Aniorican «|)ccio3 diffior 
L-ntirely in their d4ivelo|>- 
lueut from iho forms w» 
have sa fat consideicd. 

The small e{^ poor In 
yotk, uuiler)^ a toUl and 
appiuvnlly fairly regular 
(ciiunl) course of cLuvage. 
The embrj-n, even at thia 
early stage, appears to 
oblaiu uourisbment froa 
lli(! uterus, for it h 
in size in a marked m 
i\\ Kessbl), When it 
I,:,. re..ube.l the 3£«eU 
Mge, it fiirms, aocording 
V:> V, Kknsil, a kM ceD- 
msaa, completely filling 
the Dornnw lumen of the 
utenu, and thua in cIom 
contact with the innat 
surface of the utctit>e 
epithelium (Fig. 78). Thia 
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lutter at first consists of very deep cells which, however, under the 
influence of the growing embryo, seem to flatten. The embryo then, 
according to v. Kbnnel, enters into direct connection with tliia 
epithelium, this change being accompanied by ct peculiar altcmtion 
in the shape of the former. Tlie embryo, which is said to give off 
fluid and to decrease in size, becomes applied to the epithelium as 
a lenliculnr cell-mass (Fig. 79 A). The flgures show the close nature 
of the connection between the embryo- and the epithelium, the latter 
tnsy, indeed, occasionally become detached ffom the wall of the 
iiteme, and may surround the embryo as a special layer (Fig. 79 
S, Ue). The central part of the embryo now rises from the surface 
of the uterus, while the edges, which still remain in contact witJi the 
latter, become somewhat appruxiniated through these changes; the em- 
bryo thus assumes 
the form of a cap 
Open towards the 
surface of the 
uterus (Fig. 70 U). 
From the surface 
of the embryo a 
few amoeboid cells 
become detached : 
some of these be- 
come applied to the 
ateriue epithelium 
and, finally, these 
Amoeboid cells unite 
tuid give rise to an 
envelojie which sur- 
rounds the whole 
embryo, and which 
has been termed the 

amnion or serosa -.P'""'.'^' iDgrawm, 
(v. Keknel, Fig. 

80, am). The margins of the cap-flhaped embryo now become 
approximated and fuse together, so that the embryo becomes a 
closed reside. The embryo then grows out from the wall into 
the cavity of the uterus; its point of attachment narrows and 
thus forms a stalk (Fig. 80, n). A proliferation of cells then 
tahes place at the base of the stalk, this growth being called by 
T. KKMKKt, the "embryonic placenta." Corresponding to this is a 
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circular thickening of the uterine epithelium, wlikh, us Iho " uturinu 
placenta," entcK into close connection witli the fonnor (Fig. 80, f,* 
and p.u). The stfllk connecting the embryo with the placenta 
continues to narrow, and is deacribed by v. Kbskbl as the "unbilicaJ 
cord." According lo this account the embryo becomes closely cou- 
nect«d with the wall of the utonia, nnil n thickening af the cnnn«ctiv« 
tissue layer of the latter lakes place, enuring a constriction of the 
uterine lumen in front of and behind the region wluch containa 
the embryo, thus forming a closed brood-cavity (Fig. 88, p. 179), 
Tlie amnion and the uterine epithelium arc now separated from 
the embryo by a considerable cavity (Fig. SO). 

The germ-layers begin to farm by an active increase and a eon- 
sequent ingrowth of the cells which couuuences opposite the point 
of attacliment of the embryo (Fig. 80, ir). lu eoiQ|iariiijt lb* 
development of P. Edieardsii with that of other s]«cicB of Ptripuiut, 
the point at which this ingrowth tekes place will recall the nceumula- . 
tion of cells in the blastoderm in P. iiovae-iraJanditu, in which 
invagination eventually occurs, and wbicli at the tiame time repnaenta 
the first indications of the germ-band. In the South American 
species this point of ingrowth, which in position corresponds lo the 
ventral side of the embryo (the latter it nltMchcd by ita dorsal 
surface), must be regarded as the blasto]K>re. From this |>oint tho 
ingrowth proceeds continuously, and fills the whole inner space ol 
the embryo down lo the " umbilical cord " (Fig. 80). The cella 
of the latter hove shifted apart, leaving a cenlml lumen, and bair 
become arranged into an epithelium a\\v\\ as is also found all rotind 
the embryo, except at the point of ingrowth (Fig. HI). This inim 
epithelium corresponds to the ectoderm. The further differentiation 
of the gemi-layers is said by v. Kksbkl Io take place through Utt 
appearance of a cavity in the more doi-sal [>arl of the contral eril- 
mass and the regular arrangement of ihe ci^lls in ita neighbourhood 
(Fig. 81, eni). The celt-layer thu« dilTerentialed, the entoderm, b 
in this way dietiaguished from the ventrd cell-mnsa lying al the 
blastopore, which represents the me^iKlenu. This latUir rvmaina 
connected with the ectoderm for a long time, even dnriog the Utor 
changes of slupe of the embryo, and al this \<iM\i (w) new cell- 
material is continually produced (v. Ken.-cel, Si-LaTm). 

lu Um above di!*cri|>tion ol Ibn lirat octogtaelic proM-ne* in F. JSUmnUi, we 
1iav« rollowed ihr. acwnnt given by v. Kem>BL Ix-caii*! tlir niat*rial *[ kia 
dlitpoul, witli regard to guaatit; and nutv of ]irMH:rvstioD, M<-niK to KUannlw 
tht ifliabllily or bit lUtanienta, Init il thonH b« iiiontioDtd tliat Iliexc f rt ne f 
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tiarp rccvived anatJiGr iutcipitUtlon, AltliiiuKli tbis Utter hua bp^n opjioeed 
lijr r. Kennel for yury important rcMons (No. E], it his Wen adopted bj 
Sc-LATEH. and seenu to have a terUiu value in ao Tar as it afforde gome 
cxplau&tion of the peculiar early derelopmeDtnl ntages. 

Anenrding to Sclatzi: (So, 9), cleavage f|;iveB rise to b blastula roriDfd of 
Urgi^ nils, and containing a amalt cavit; (F:g. 82 A). An iuvagination tben 
takes plave in tliis (paeii'logmtiula. Fig. S2 £). The invagtnated |iart alouo 
jrirlda the enibrjo (Solateii), while Ibe outer layer, by the [wculiar grontb 
of its oetts, wpanitM from ttif embryo and becomes very thio, ilius ri>i-iiiiiig a 
melubranr which eorelojis the enitiryo (Fig. B2 C, i'). From the embryo itself 
auotlier envelo)>e ariaet, by the splitting 

off of (ingle celU, this Utter cmTeijwnditig ^ 

t« tlie aninioii deecribed by v, Kes'KEL. 

The Ggnres giTen by 8c'l*tkb agree on 
the whole nith thoac of v. Kknsel, l>ut 
tbey are inteipretod by the tivo author* 
in all entirely different way, What v. 
Ksyxxi regards as nterine epitlieliuih ia 
considartd by Sclateb iu an eitibryanic 
Duvclopr, for this no donbt i« tlie meaning 
of his pieudogaatmU. Fig. 73 B (v. 
Kkxkel) rauat therefore be regii-dcii na 
the atsge of invagination corie<:[ioiiili[ig 
(o Fig. 82 B (Sclatbk's loeiidogistnila), 
•od Fig. 80 miiat be inter]>rcle<l in a 
■tniilar way. Fig. 79 A, sccoidiug to thia 
Tien, ahonld he rt^rded ok an older stage, 
■imiUr to that repretcnted in Fig. 82 C. 
Further, tlie two st&ges in whicli the 
conjectural veaiule lias cither tbiu or 
thicker wallii ouglit not to be unheaita- 
lingly derived one from the utber, ns is 
dont by Sclatek. Indeed, far stronger 
fim/b niiist lie brought forward for the 
view adopted by Sciatbb befote it eun be 
nnally aeer|itcd ; it nevertheless appears 
to ns worth mentioning becauai it Beeuis 
best to account for the ori^n of the 
einbrrniiic envelopes which are attlibuled 
to I'eripattu.* In any case, the tno en- 
velopes which are said to surround the 

eRilnyo aiiggeet the double embryonic envelopes (amnion and serosa) of the 
Insecta, all the more that this double embryonic integrmient may lin«c arisen 
liecr aa there by the foi'niation of folds In the blaatoderm. The ]Kuitiou of the 
embryo in lelatjou to tli» folds might even correspond to that of the Insectan 
(rerni in relation to the embryonic inlegumenta, but we know too little of the 
* IWlLl.Kr's o1«fTiriii.jiLs on the development of F. nomt-hritanniuc (App. 
t« Lit, on Ony<.')i'i|<l'<'i.i, X ' II i. ^u iJiieh he finds that the egg gives ris« to a 

Urge, thin-wallfl ■ - i nilh • thickened invs^naud oaibryomc 

•tt», tend to Hui'T ■ ; I ■"" ■ ^ I'" s regarding tlie relations of ombryonio 

cnvi'loiies in F. En ■ ppoacd to those of v. Kknnei_^To ub 

they «pi*ot eoueiujiv,- on ii,i» pouu.— Ed.] 
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ontiigonj of FeApotvi to lio able to ninkr fiirtlipr comiwrisoni. We luiut, 
liovever, adi] the deBCrii>tina giiau l>; L. Sheldo.v (Ko. 12) at the raiUer itage* 
of P. aotat-tealaii/liat, according to which l\ur rmhryo jiropar still witbiti tb> 
ggg-shelt U Burrouuded by a lajar at yolk (the rctodornial yolk of itim 
Bhbldon). Unfortunately no detaits m to thi^ lixiiiSunoe mD<l Drigin of thl* 
"eit«niBl yolk" are known, but we might in tlii* ulto tee au vinhrfiaiia 
ODVclope, eapecUlly u atructurc* rMcmblin); nuclei are found in tliU onter Uyu. 
Wb are led to adopt this assumption all tliv niun on account of the ooiiiliijon 
of thoae InsecU (or Myriopoda] In «hic]i the gemi'baDd tiiiiks Into tlie yolk, 
condition which finally leads to ibruation of the embryoaic suvelupi*. In 
oonsequeuee of tho Iiisectan embryouic Fuvelopes atiiing in this way thr 
ombryo here also may be appftrently (nuTimnded by an out«r layer uf yolk, 
which in reality lies Iwtween the cmbryouio envelopea. 

The (ireaenco of suali envelopes dcrivnl from folds it not oonflrmtd by what l> 
round iu F, fipimis. lu this fomi nothing of (he kiml has been oburrDd. nor 
t inch a feature has heen orerlnoknl. Thf eclodenn of /*. 



it is only no [nr (vculiar in that 
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thmugb jatabryi 

n iMgn (sRh Scutcii). e, 
•rabnro: c o«M, I. (now wU-la/er of tbo 
mibripo i •>, (eiitlenlsr) BHmlmiw buanJlut 
lb* hMui inurnsllir ; p, placaata-Uh* icraoth 
irf cells. 

to take into account ststenionti that ore 
tlienfore triad to gather tofteUiEr thi 
wliulr, but do not for ont- moment 



n the younger stage extracmiliiattl7 
rich iu vs(-uolva and of a ipongjt 
lextiiri', nnd, in oonae'iurDCc MF 
its Btmcture, in able to take 
in nourish mm t endomiioticalty 

(SUKIWICK, Xo. 10), L SUBLVOJI 

ronnecti this itructnre with the 
Mn-inllcd vctodential yolk of th* 
NcH Zealand siMciee, hut we can- 
not consider this a happy com- 
jiaiisnii. On the other Und, Utia 
I'otidittriD i>r the ecvalerm btl[« 
lo explain the formation M the 
rxlemsl organs of nulntioii in the 
I'liihryiia "t the Amerioan apecaa, 
ivhcllirr lhe»e are fomed iHlfct 
from tlie ectodenu of the •fulcya 
it vlf i>r rafirraeiit a sjipcialljr diiTar- 
<-]itialrd pcirtlou of llie •mlttyoino 

If, in doling with the eorijr 
oiitagrny of the dilterent epMin 
»r PrHpatut, wa hate appMlol ta 
dwell almost entinly on the r*U- 
tire probabilltie* of the pnoMaaa 
dearrilwl, we can only again |«4bi 
out how very little is known iritb 
certainty of the earliost tlcrelop- 
lucQl of this animal. The p**! 
iuportnnce of tbi* form force* oa 
e not taindftiiily ounHniied. We have 
facts oa ivt known Into a conoecleil 
mme that the conclnalons artirtd at 
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2. The Development of the External Form of the Body. 

Ill spite c'f llie vnriatioiis found in the first outo;,'eT]etii' atnges of 
tlie aeveral speuies of Peripatus, the latter ililfer very lillla from one 
another in the tleveloptnent of the external form of the body. In 
Uie following descriptions we shall first deal chieHy with P. cajimgis, 
whieU was very carefully examined first by Mobblbi (No. 6), then by 
Balfour (No. 1), and later by Sbdowick (No. 10, Pt, i.). 

P. caponsiB. It has already been shown, in descrihing the fonna- 
ticin of tiie germ-bands, that a thickening of the blastoderm arises 
behind the lengthening bloatojKire fay the proliferation of cella, this 
spot being recognisable externally aa an oval area (Fig. 83). We 
saw that at this point the mesoderm originate«i, and extends forwards 
in the form of two bands, to the riglit and left of the blastopore. 
In each luesoderm-bond segmentation takes place, a segmentation 
which may in all respects be compared to that of the Annelida. 
For instance, at the anterior ends of the two bands, cell-complex ee 
are cut off and commence, by the formation of cavities, to form the 
primitive segments (Fig. 84 A and H), fresh rudiraetits being 
continually added posteriorly. At the ]M>sterior end of the blasto- 
pore the mesoderm -bands pass over into an undifferentiated cell-masa. 
During the diffei'entiation of the mesoderm -bands another im- 
jiortanl change takes place in the embryo. The lips in the middle 
region of the elongated blastopore approach one another and fuse, 

«o that the only remains of tho blasto- 

[lore are an anterior and a posterioi 
aperture (Fig. 84 A and B). Tlicse 
two apertures are henceforward retained 
(C and D), giving origin (in connection 
with ectodermal invaginations) to the 
mouth and the anus. 

The next changes in tho embryo 
take place as follows: as the differ- 
entiation of the primitive segments 
(.■ontiuues, the first of these shift 

further forward, and, in addition to "*^u!'. '^•'■"^i"" ■''■'"'•' 
this internal segmentation of the em- 
bryo, an outer segmentation now appears (Fig. 84). At the anterior 
end tho cephalic lobes begin to appear, and it is to lie specialty noted 
ibat, as rudiments, they show great resemblance to the body- segments. 
The posterior end of the hitherto straight embryo curves round 
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ventrally, tlius covering the poslerior aperture deriveil from tho 
constriction of the blaBtopore (Figs. 8* and 85). 

Before describing the further development of the ombtyo, w« 
must glance at the corresponding processes in other speciu of 
PeHpiUui'. The observations reci^rded above on the develojiiuMtl 
i>f the external form have denit chiefly with the shapiug o( Uiu 
ventral eiirface, this being first Jevelo|ied as two symmetrical halvoi. 
We are hoi-e reminded of the development of the eggs of the 
Oligochaela and Hin- 
di noa that are rich iu 
yolk, and etill uion: of 
tliat of the eggs of the 
Myriopoda, Inwcto, and 
Arnchnida. In Perijiatut, 
09 in these, n germ-band 
forms. Itscompositionout 
of two halves is still mon 
distinct in P. norof^MO- 
hiiuiiae. In ttiis form, in 
consequence of the Uigs 
size uf the egg, caused by 
the abnndane* of iUi yolk, 
the two Iidlvcs of th« 
germ^bond lie somewhat 
far ajvart, seiMirated by k 
ventral iirotrasiuii of the 
yulk-miiss covuivd with 
ecUiiIerui and entodorm 
(Fig. 86 A and b), so that 
It kind of ventral yolk-«ac 
nrisea retembling the one 
nicl with in tlie AnuitM 
(p. 54). While alreulf 
well developed at tlta 
anterior end, the two 
halves uf tho genn-baDd 
becoiuo leu and Uat 
' the blastopore in the u 
yet utidiircreiktiuted cell-moss (primitive etrenk of English authota). 

At IttM nght tlierr apiicat* to he ■ fundkiucnU] diOcreiK^ Itttwrvn P. taptatit 
vldi F. JUvariiii and f. Hmu-ualaitdiat trgarding the poaitioii, nlativc to 







-BnticrM 
clalng of It 
niwidfnii, unl tbe Ruai* oT Uw rmbiya (i 
HtUBCK uhI eraiiniawinriiV *, anna ; M, bli 

pon; m, nwatb; w, prinilUn Hfrnrnia ; id, iqi 



differentiated posteriorly, and end 
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the inm (1 = bluU>pors!. of this undiflErenLiated ceU-mais (primitive Btreali). 
lu th« two first species tliis zone of growth is undnubttdly aituat«d behind the 
niua [i.t., Whiod the hlaatopore — anus in F. capentU, Fig. SI .4, w, and in 
the ngion of the blutoporo and behind the anna in P. Edmanisii, Fig. S9 A), 
whcras in P. novof-zenlaniiiae this zone ol growth appears, froni a. anpeiSciol 
•nmiDKtion, to be situated in front of the anua (Fig. 86 A), at leut the two 
halrra of the germ-hand bend forward Mid onite in front of that aiwrture. 
AeconliDg to L. Sbelhon this is onlj tin api:«renC dilTerencc, for in sections of 
P. ninxu-xtalntKliae througli this region the zone of growth of the mesoderm 
(priniitive Btreak) is foirad to be aituated, as in P. aipcnsia and P. Edtoardtii, 
hehtnd, not in front of, the anns. Tlie possibility of the zone of growth t)eing 
sitnsled in front of the anus is of interest wh«n we make a comparison between 
the embryos of Ptripnlui at this stage and those of the Annelida. Such a, 
oomjarisoQ made between tlio embrjo of P. juirat-zeaiandiae (Fig. SS A) and 
that of Cltptijie among the Hirudinea (Vol. i.. Fig. 162, p. 323) reveals a 
Btriking siniiUrilj lietwcen the two, especiallj in the conliguration of the 
inesodenu-baudB which, in the Hirudinea, however, unite in front of the anus, 
a condition which, it is true, is suggested from a snperGcial examination of the 
omhiyo of P, novat-ualaiidiue, but which is not substantiated by the investiga- 
tioD of seetiona, and one which woald, moreover, seem improliable from a 
cofnparisDn viith the two other species of /'«ry«/iij mentioned alwve. Further, 
in the Birudinea, there apjieara to be no connection between the blastopore and 
the anas, which makes a comparison with PcHjxitut more difficult than would 
otherwise be the case. In other Annelida, bowever, tho primitive mesoderm- 
cclls ate met witli at the posterior edge of the btutO[iore (Vol. i., p^i. 264 and 
283), but the pondiliou is diffewut from that in Peripaitt in so far as the 
blaatoinre does not pass direct into tho anus. In view of these [lossible differ- 
eooea between the species of I'tripatiu itiler as and of the possible resemblances 
Xa somQ Bimdinea, n renewed investigation of the relations of the growing zone 
in P, lumu-aalaadiae, which must be regarded as the most primitive form [one 
of the most ipeciahsed according to Willbt and v. Kennel], is much to be 



The Bontli American spedes, in couse- 
qnence of the sninll size of their eggs 
and of the connection of the latter with 
the wall of the utenis, have a different 
form in the early etoges. Our description 
of the oiubryo ceased at a stage in which it 
was somewhat pear-shaped {Figs, 80 and 81), 
From thia stage it passes into tlie mushroom 
stftge (Fig. 87). tlie enibr>'o proper gaining 
in sue aa compared with the umhilical cord, 
through extending in both directions at light 
angles to the axis of the cord (Fig. 87). 
These two directions correspond to the length ^"''raounir'"'' "' """" 
Mid the breadth of the embryo, Growth 
lakes placo at first chieRy in the first of these two directions, 
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vith the result that the emhryo Ix; cornea cloDgat« (Fig. Ki4). 
Dorsally, it is attached by the uiubilienl cord, while the ventral 
BurfacD is free. The blunt end becontos the head, and the pointMl 
end the poaterior extremity. The blnatopore, whicli is probably 
eecondarily diaplaced, lies quile near the lattor (Fig. 89 A, W). 
The space between tlie blastopore aiid the umbilical cord is much 
longer than that between the latter and tlie anterior end, nnoe, 
starting from the blastopore, new cell-material is continually being 
produced posteriorly. Two mesoderm -bands, divided up into the 
primitive segments, are present as in P. eaprntU, but, in COUM- 
quence of the smaller size of the egg, the paired nature of the 
genn-band is not so distinct, although it can be recognieed hen 
also (Fig. 89). 

The mouth arises in a position corresponding to that in P. rapentu, 
but quite independent of tlie blastopore, the latter, as a small and 
shallow depression, 
having come to lie 
at an early stage at 
the posterior end 
(Fig. 89 A, W). The 
anus also is Nud by 
V, Kennkl to ariae 
independently of th« 
blastopore. It ariaea 
in front of the latter 
as a slit-like dcprw*' 
flion (Fig. n9 A, a). 
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I ';, WICK prove correct, w» 

■halt luTB to oonolade 

"'""'"■■'*'""""■ tli«l, iu P. Aficnrrfm 

alito, the ami and anal 

•[wrtnret «fre <nigiu».]]j DOuoecUd with the bUat«|iore, tiact lli« poaitioD ol 

the tvo aptrture* is limilnt to thai in P. caprmif. 

With rigutl to the poiition of the gnnring mat, P. RtfoanUii, •OMrdioK tn 
V. KtHKEL, agnwe catircl; vith P, eapaaU am] P. ntmu-sailaiiiaae ; for aiim 
thl« Eoue iirDueiMli frou tlie blnstojiara, aiid tlin Utter Mm lieliitid the ana* 
(fig. S9 A), tlie ondilfereQtlated coll-muB ii aim found behiDd it. 

Tito connection of the embryo with the mother must hen; agato 
be referred to. According to v. Keknbl, the embryo is connecteil 
with the mother by means of the umbilical cord, aa well as by Uio 
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cmbrj-onic and uWrine placenta (Fig, SO, p. 171, and Figs. 87-89). 
The great development of these organs 
shows that, in the younger stagea, they 
contribute to its nourishment. They 
degenerate later, and the embryo is 
tlien, like that of P. eapettgie, nourislied 
by Uie uterine Becretion, In conse- 
<]uence of the close organic connection 
fif the embryo with the uterus, the 
former is unable to shift from ita 
po«itto[i. The embryo, firmly enclosed 
in its brood-sac (Fig. SS), can only 
more on into the vagina by the growth 
of the parts lying between the ovary 
and the brood-cavity itself, and by the 
gradual absorption of the jKisterior 
parts. When the embryo which hea 
nenrest tike vagina posses over into the 
latter, its brood-cavity must he com- 
pletely abeorhed before the next embryo 
can reach the vagina. 

Tlic extmBion of the embryos in tlio South 
Amcriisn spcciia of i'm/mTrif cIomIj resembUs 
l)ie piuMge of liueclnn eggs frum the oviduct 
into the ederent Bp[>aratiui. Thero alui thu 
miptf follicle left after the exfniUioQ of thu 
mpletely ahaoilied liefore llie lient 




a able v 






The fMibet development of the 
external form of the body consists 
tssenliaJly in the Ifngtliening of the 
body, the marking otf of the head and 
trunk, and the appearance of the limbs 
and sensory organs. It agrees on the 
whole in the different species, so that 
separtite accounta are here unnecessary. 

Ad important change in the form of 
tlie young embryo is brought about by 
the great development and marking off 
of the cephalic segment from the trunk 
<FigB. 86 and 89), This change, which 




tht brood ■oitU)' (iinerJ.».Xi>oi It, 
froni Lano's Tiil-lwk q[ Canti. 
Aniii.y, I. Einbcfoi r]!, pUecBl*. 
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occurs eaily, is introduced by the shifling forward of tiie Drat pair 
of primitive eegnients to the extreme anterior end o( tlie body, 
where they become considerably enlarged. A pair of large su-elling* 
(cephalic lobes) thus arise at the anterior end ; these soon becomu 
marked off from the body by a transverae furrow, and thus constttut« 
the cephalic segment. On the ventral aide of these lobes i» the oral 
aperture ; on the dorsal side a pair of prominences appear (Fig. 88 
A and B) which soon increas« in size and become recognitahl« m tlw 
rudiments of the antennae. In P. eapmui* these are said to appoai' 
before the timbs (Sedgwick), but this distinction seems to l>e of no 
great significance ; in P. Edwardni the antennae are said to appear 
simultaneously with the rudiments of the truncated legs, which they 
closely resemble. They are, however, distinguished from the latter 
by their more doraol und pre-oral position (Figs. 86, 90, and 91). 

In front of the rudimciitd of the antennae, nnd lying more 
medinnly, there nro, ot nn earlier stage, two small prominences 
(Fig. 90, x), which shift later towards the anterior martfin of the 
head (Fig. 94 A and D). These prominences, which were oboerved 
by V. Kennel in P. Eilieanlfii, and the nature of wliicli is as yet 
unknown, can etill be recognised at a later stage than tlint depicted 
in Fig. 91 li, and disappear 
jT g from view only when fold* 

begin to form in the cephalic 
integument. We shall refer 
to them again at the nai of 
this section (p. 187). 

Tlie limbe arise as latero- 
ventml outgrowths ol tha 
segments consecutively from 
before backward (Figs. 86, 90, 
and 91). The segmentation 
of the ]>ody is brought about 
chieHy by tlie outgrowtfa 1*1*1- 
ally of the primitive MgmeDta. 
Tlie embryo, especially to its 
""^' latcml parts, thus appeal* 

notched (Figs. 86 and 90). 
The paired nature of tlie gonn-band is atiU indicated by the preeeoc* 
of a median ventral furrow (Fig. 89). Tliin especially appliea lo 
i*. Edwardtii, in which also the limbs appear later Uian in the 
African and Australian species. This retardation is no doabt due 
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to the mcwiified method of ilevebpmciit within the uterus, the close 
connection of the embryo with the wall of the uterna leading to the 
later ilevelopment of its external form. In P. novae-zealandiae the 
limbs are to be found while the two halves of the germ-band are Btill 
far apart (Fig, 86), and in P. capensie also they appear early. 

The embryo, at an early stage, becomes curved, and, as the body 
eiongotea, ite posterior end becomes rolled >ip ventratly (Fig. 85, 
p. 177), this being determined either by \i» position within the egg- 
shell or (secondarily as in P. Edieardeii) within the brood-cavity. 
In P. Edteardnii the posterior end forms severnl coila. The ]Kisterior 
extremity of the embryo of P. eapenei* is also at first bent in towards 
the ventral surface of the body (Fig, 85), but subsequently this pos- 
terior region grows parallel with that surface, the hend being retained 
at the middle of the body, and the embryo lies in the egg-envelope 
in such a way that the anterior and posterior halves of the body are 
almost parallel to one another, the head touching the posterior end. 

In P. itome-zMlandiiu, in a stage earlier thnn llmt tl1iwtrut«d in Fig. 86 A 
«D(I B, & rcntral Heiioa sppsTentlj occurB in the embryo, the latter consequciitly 
uramilig a curved foi'm, but it soon atroif^htens ngaiu to aomc extent, Kod 
nUina tbe form shonii in Fig. 86 A and B {L. Sheldon, No. 12, Pt. i.). 
Berc tiao tbp t»'o hnlvea of the germ-band sre it tint very far ujurt, ii« iimj 
be leeu from Fig. 8fl A and B. 

In keeping with the uiispecialised 
external form of the adult Peripattu, 
the further development of the embryo 
is very simple, and, apart from the 
anterior region of the Iwdi', presents 
no specioUy noteworthy features. The 
formation of the limbs continues in the 
manner above described (Fig. 91), until 
llie final numlier is reached. Where 
the two halves of the germ-band lie far 
apart, as in P. novae-^ealandiae, they 
eventually shift together to form the 
ventral surface, a process which is 
assisted by the gradual absorption of 
the yolk. The dorsal surface at the 
same time assumes its final shape. 

The (innulations of the body, and the papillae which are seen on ite 
surface in the adult condition, appear in the form of folds and slight 
elevations of the epidermis. 
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Tlie leroiinnl region of the body, up to the time when the adult 
form is assumed, ie almost button-shapod. At its lower side, either 
iu a depTeaaion (as id P. Sdicardfi!) or on a |iaj>illa, as in P. rap«n*i», 
lies the aims. Two slight outgrowths, llie anal papillae, which 
apparently belong to the terminal section, must be regarded as rudi' 
nicnts of limbs, and thus indical* a true segment. The limbs 
themselves have assumed th«ir adult form, being better marked 
off from the body, and exhibiting a ringed appearance not unlike 
segmentation At their free ends the two cuticular chitinous daws 
arise. The limbs have shifted from their former more ventral 
position to their final position between the dorsal and the ventral 
surface. 

With rogard to the position of the sniu it mast be mcntioneil furtbcr that, in 
coiuequenM uf its being fuund in front of the growing lone, it moat li« reUled 
lo a true trffiiiFat. In vjtrious drawings made by t. Keknkl and SEtHinii-K of 
aeotiooe cut through the anal ajicrtiire, vroll devGloiiod primitive avgnieota are 
■era roiud tlio teiinina] region of the intestine. AVe moat then in any caae 
aMUUie a (Lifting forward of the anui which originally Ikclonged lo the terminal 
region of the body. The relation of the aims to the seginenlatJou of the )wdy 
in the adidt doa not aeeiu satisfactorily settled, nor ia it clear wbetber it 
auliaeijuetitly ahilta out of Ibe aegtnenied region to the eitremc end. 

The development of the anterior region of the body is less simple 
than tliat of the trunk. 
Complications arise in tho 
former through two other 
segtuents besides the actual 
cephalic segment beiuf; 
drawn into the formation 
of the adult head, and 
through the corresponding 
modification of the append- 
ages of tliese segments. 
We thus find in Ptripat^ 
a state of things alivadjr 
met with in the Crustacea, 
and still more closely (fr- 
ee m hi in g conditions found 
in the Aroclinida, Mfrio- 
podo, and Iiisecta. 
In tho cephalic segment, the rudiments of tho antennae have 
nndergone alteration ; they have lengthejied considerably, and ringa 
like thoae on the limbs have appeared on them (Fig. 91, of). Tho 
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eyes {au), as slight ectodermal depreasions, aro already present as 
Tudimcnta {P. eapengis), situated sometrhat Tentrally to the anteniiBe. 
In P. Edwardtii they ariee immediately behind the bases of the 




The further development of the mouth and of the two pairs of 
limbs connected with it is of special importance. Tho anterior 
aperture remaining after the partial closing of the blastopore does 
not directly give rise to the mouth, but becomes carried inwards by 
an invagination of the ectoderm, the stomodueum, and thus forms 
the aperture between the latter and tho enteron.* Neither does this 
second aperture represent the mouth of the adult, for it 
covered by various outgrowths of tho ectoderm, which form abov 
a secondary buccal cavity. This process __ 

commences by the appearance of a fold 
on the outer side of the limb next in 
order to the antenna (Figs. 91 and 92, k); 
this fold is closely applied to the limb, 
and is continued posteriorly along the 
ventral surface of the embryo (Figs. 91 
and 93, /, and Fig, 92, p). It appears 
notched, and, in P. E'liearclHi, is repre- 
Bcnted by a series of papillae lying one close 
to the other (Figs. 92 and 94). In later 
stages these two folds shift closer towards 
the oral aperture, and thus press the 
limb-rudiments that lie on the inner side 
of tliem towards the month. As the 
folds grow still higher, these limbs, to- {^'J^d ". a"™ uieiSir" """ 
gethet with the stomodaeal aperture, come 

to lie in a cavity, the adult buccal cavity (Fig. 94), the limbs 
themselves becoming the jaws of the adult. Tho distal part of each 
of the limbs, at the time when the formation of the buccal cavity 
just described begins, appears deeply notched, and the two strong 
diitinoua teeth arise at this part (Fig. 94 A and B). These 
terminal teeth, which ate to be compared with the double claws 
on each of the legs, prove, even in the adult, that these Jaws are 
true limbs. 

Several other structures contribute to the complete development 
of the buccal cavity, Between the cephahc lobes, and ventrally 
to tliem, a somewhat long prominence arises (Fig. 94, ol), which 
' Cf. below, p. 198. 
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lies dircctlj' in front of the sliarp edge of the stomodaenl aperture, 
and tliuB, when that nperture is walled iit by the lateral folds, shifts 
with it into the cavity thua formed (Fig. 94 B). The foWa then 
unite in front of this unpaired papilla, the upper lip of v. KkSMEL 
(Fig. 95). 'file posterior unnotched eontiniintions of the UtenU 
folds form tlie posterior boundary of the buccal cavity, on the 
floor of which the primitive aperture of the stomodaoum now lies 
surrounded by the jaws and the upper lip. 

From the above it will be Been that, in Peripalut, there are three 
ilistinct aperture's, each of which in 
turn muBt be regard eil as the oral 
aperture : (1) the primitive blastoporic 
mouth (Fig. i*4 D, m), which persists 
in the adult as the opening between 
the oesophagus and the stomach-intes- 
tine; (2) the stomodaeal mouth (Fig. 
■93, m), which in the adult puts the 
buccal cavity into communication with 
' the pharynx; and (3) the extemnl 
opening of tho biiecnl cavity, which 
functions as the mouth in the 4(Itilt, 
' nnd is formed by the c 
two ectodermal folds. 







The shining ror»ar<) o( l)ic lntcr&l fo1d« tonanU tli« oral aperture has al*o 
oatucd tbe vcDtiml organs of the tint tno nc^nienta to ikift lata the hoooal 
cavity (Fig. 9i A, ro, aud va,). We ahall refpr to thtw a^iu later. AnoUivr 
pair or Tolila rxaclly like those which have walled in the oral aprrtnni aia 
M>m«tunc« prcccnt, aemtdtng to v. Kknml. on the ontcr aide of tbo ktttal 
(ulda, Imt thtwi do not nrom to be of coDBtant oi^curreiice. Tlie;. how«Trr, 
aeoni fiirlhei to aiipjiorl tiie tibw, wliieli in.|i«4r« very jiml«lil«, thai tlie (oHa 
found near the mouth of Ptripatui du not rcprcMnt limb-rudiiiii'Dla, m hu 
bMii co^jeclurvl by Mosll-ltT. 

The third pair of limbs are less closely i^onnected with the moulh 
than are the jaws, for while they also ehift towanis the oral aperture, 
they reuioin outside the lijie of the buccal cavity (Fig. 95, o^i). Apart 
from the fact that no chitinous hoolis ilevdop on them, they reloia 
to a greater degree the character of linili?. They are early distin- 
guished from the other limba by llieir greater development (Fig. 
91 B, op). Tlieso limbs are known as the oral [npiUae, al the tipe 
of which the alimc-gjands open. In the othilt, these papillae lie 
as far forwnni as the jaws (Fig. 95), and the segment to which thvy 
belong must therefore be reckoned as a cephalic segment. Three 
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tegmenta beside the primary cephalic segmeat, viz., Lhoee of the 
antennae, of tlie jaws, and of the oral papillae thus take part in 
the formation of the head. 

The head of the embryo, in conseq^uence of the great development 
of the cephalic lobes, at lirst appears very large in proportion to the 
rest of the body (Figs. 80 and 80). In the course of development, 
however, it decreases ia size, the mouth shifts more to its anterior 
end, and the form of tlie adult is thus practically attained. 



:#" 




Fill. St— Auterlor puU o( eiubrj'ta of P. WiennfiK, »eut«l upecC (sflir t. Kis 
111, uilflmia ; /, the folds brgken np Into jiaplllic, ■urranniilnD tke niDiKb; /,, tha 
Irlngoulildeor/: g-t-ni.ganglionuiilTeiitnlorinBof llMce|>l>iilliiKgin«itwltta the ill 
dtpRBlODof liie ventnl orgtii: t.i*m: i>I, upper Up; op, oml pspUlia: p,. p,i. Hrs 
•econd (nilri ot leg* ; »,-i«,. nDtnl oiKiini ot the Jaws, d»I papllUs, nnil or the »n 
Inak-tfgtatntr; to, is dEviileil Into un uterjar and a poBterlar part; 3, i^njmLneiu 
froBl, of the iDlennl nii]ltnc4ita (pp. isn nnd is;). 



The young ate born provided with the complete number of 
limbe. Their development, according to authors, lasts unusually 
Jong (8KDawicK, No. 11). P. noeae-zealandiae is said to require 
eight to nine months for its development, and P. cai-eimn thirteen 
months (1). The umbilical cord, which in the South American 
species connects the embryo with the placenta, at the time when 
tlie embryo lengthens and coils up its posterior end, changes and 
finally degenerates ; its lumen closes first near the eiubryo. The 
embrya ia now nourished by swallowing the surrounding albumen, 
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a method of feeding which alao otcute in the embryos of P. cajieiigi't - 
in ftildilioii to this there is a kind of cndoamotjc inception of 
nutritive fluid. 

InterpretatloB of ths cephalic appeadages of Feiipatiu. Tlie 
nature of thu tvro pogterior pairs of cephalic appenddgea of Perijiattu 
cannot be doubted. They correspond to the limbs of the trunk, 
und might ivithout further question be assumed to be limbs which, 
when two (primary) trunk- segments were fused with thu head, 
were transformed into jaws and oral papillae. This is not the 
case with the antennae, which are distinguished from the limbs of 
the trunk by their dorsal and pre-oral position. In this respect 
tliey entirely agree with the antennae of the Mynopoda and the 
Lisecta, with which we 
. a consider tliem tiomo- 

^ ' .^ logoua. The antennae 

of Periyalus seem un- 
doabtedly homologous 
with those of fill th« 
other Tracheata, but 
not with those of the 
Annelida. The an- 
lonnae, not only of 
I'ci-ijialiix, but of the 
Myriopoda and In- 
.-.ecla, have been com- 
IMited with regwtl to 
their position to the 
ceplialic tentacles of 
the Annelida, which 
are found (pre-orally) 
in the cephalic seg- 
ment, occupying the some position with relation to the neural plate 
aa do the autennite of the higher forms with relation to the brain. 
The manner in which the antennae of Peripatux originate, howeTer, 
seems to us to t«Il against such a comparison. The antennae, both 
as rudiments and when developing, show great agreement with the 
tTunk-limbi> (Figs. 91-94), a fact which is strikingly evident in 
the figures given by Sbuowick and v. Kkks'el. Like the limbf, 
they are externally ringed, and a process of the primitive segment 
runs into each of them, so that they too are hollow cones. Indsod, 
« unal is said to mn from the primitiTo segment of the antentu 
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to the exterior, and this would correspond to the nophridial canal 
of the trunk -segments. In fact, there is such close agreement 
between the antennae and limbs as rudiments, that it is difficult 
to believe tliat they are esaentially different structures. We should 
feel inclined rather to atlrihute to them the same origin, and to 
assume merely that the antennae had shifted further forward. This 
conjecture is supported by a comparison of the antennae of the 
Ineecta with those of Peripatiis, The former also as rudiments 
show not only in form, which would there be less remarkable, but 
also in jiosition the closest agreement with the (primary) trunk- 
appendages, indeed, to begin with they even lie post-orally (Fig. 147). 
We might conclude from this that the antennae of Penjxitus and 
those of the Insecta were homoiogous strueturea, but that they could 
not be compared with the cephalic tentacles of the Annelida, in 
otlier words, that they were originally appendages of the primary 
trunk and not of the primary cephalic region. 

ir wo accept this vieir we skall linvc to assume tliat tlio primury c^giliilia 
l^iun liu greatly ds|;eiieratfd, and tliat a primary tnink-segmenC (tlje first] haa 
to ■ onrtaiii extent taken ita place. Aa indicatjan as to how and wbj this 
happened is to be looked for in the TiisioD of the other and undoubted tniiik- 
■egiceiitB in the adult head. The utiliBation of the anterior liinba na niontb- 
[larts n-as accompanied by their partial transronnadon into aensoiy orguis 
(palps of the Inaecta), and the linal preponderance of one jiair As feelers. 
Again the tiruiii would in this case have to be reckone'l as bi'loiigiiig to tbo first 
(primary) trank-begmeut, and could not be derived from the neural plate alone. 
This view, honever, presents no difficulty vheu we see how. In Peripalia, the 
ganglia of the maxillary segment [lasjes from a pust-oml to a pro-on! position 
■ad is sltsorbed into tlie brain (p. 193). In the Cmstscea the ganglia of tbe 
second antennae undergo corresponding changes. 

Tlie entire filling up of the so-called cephalic segment in Pfripntus by a 
regaiar pair of primitive s^menta with unbroken epithelial walla agrees with 
vbat is found in a tmuk-HegmenC, but not with the condition of tlie cephalic 
region iu the Annelida. 

If the primary cephalic aegmcut which, in the AnniOidan Troeliophorr, carries 
the oBjihalic tentacles, has really undergone degoneration, we might eipect to find 
tnoea of this fact. The two amail prominences which appear iu front of th« 
•stouial rudiments, the significance of which is still obsuure, might be regarded 
a« vestiges of this kind (Figs. 90 and H, x). We might conjecture that they 
■re possibly vetligtt of the yrimarj/ Anitelidaii ImlaeUt. This interpretation of 
them, which appean to ua very pluuaihle, also leads to a striking agreement 
With tbe Crustacea. In homologising the cephalic appondagea of the latter 
(VoLii., p. 166), a similar view woa adopted, the same significance being ascribed 
to the frontul sensory organs as ia now given to the small prominences (i) iu 
(tddI of tbe antennsl rudiments in Peripnda. 

It cannot be regarded as altogether improbable tbat the adult Ptripattu 
should still retain Teatiges of this organ, the agreement of which with the 
frontal sensory organs still functiouing in many Crustacean larrao would be atil 
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more striking. Tlie jiromiuences now under onaaideraliou arc, accinljiig to 
T. Kbnxkl, retained Tor a long time, uid linre p^rhapi «ac<p»t obwrTatiuit in 
Uter ttagpa owiag to the devetopment of [lapillm-likc promiaeucca of the hiUKD- 
meat, tuch u occur in great niini1>crs in the adulL St. Rf.mv (No. S) dtKribc* 
■nd illuBtmtes a paired gaoglionic snotling on the bruin a( tlie adult Feripataa 
(" rnrmntion Ae nnture inconuue"), irhich in position correaponda to the tira 
promineiicot on tiip head of ttio oniI>iTO, tnd trliioh might well he regarded h 
the lolie or a primary tsntacle-nerve. In the poithumoua work* of BALrorx 
also, ainiilar itructurea are deacrilied as pairs of nerves (running to rarioiu [fuiiila 
of the dorsal surfaoe], and of those one [uiglit U'lnng to nich a seiMory organ. 

We cannot refnin, in this connection, from calling attention to the (eutoty 
organs found in the caplialio region in many Mynopoda \eg., Lidtdiu*, 
Folyxtnitt, and OlomerU), the innervation of nliich is wid to take ]<lac« frvw 
the "optic thalamus" (Touosvabv, No. 22, p. 790). We must however iropna 
npoii the reailer Ihat the actnal material required for a succasful compariaon of 
this |*culiar acaaory organ with the frontal organ of the Crustacea, or with tlw 
still insufficiently iuvestigatMl pruiuiueuces uf reripalut haa not yet been 
obtained. 

In the younger mihryoa of Perijalut (auoh «a that illuatratcil in Fig. SI .1), 
tlie change of [lositiou of the anteuaac. if lliear are i<on8i(lered u iirocMiliiig 
from limha, ia not very marked, es]>ecially lu cum]iai'cil with the cormponding 
change that takoa place in the Insscta. The jiosition of the eyw iu Ptrifatu* 
ia Icaa oaiily reounciled with thin view. The eyes lie furlliet hack than th* 
■ntvuiiae, cluae to that part of the lirajn uliit^h niiiat bo derived froiu the Ant 
(primary) trnnk-wgrncnt. The oyca, honevtr, may well be ascribed tu the 
primary ceplialic segment, especially as, iu Pcripniui, they agree witli the ey»» 
of the AuiiPJiila rather than with thone of the Ai thropuda. This can only b* 
Diplsincd as having Incn brought about br llii^ ibittiiig of the varion* parts 
whivh particiiKle in the (ormatiou of tin' ii^.l. 

3. The FormiLtion of the Organs. 
The Ectodermal Structuies. 
The lategument. 
The cctudenii fotnis a single layer <jf culiifal cclU over the greaUi 
part of the liwly of the embryo. In P. raimigU theee cells', especullj 
oD the ilormt surface, are said by Sedgwick not U> be shariilj 
deniarcatcil exteninlly, and to exhibit n ajiongy structure. StixtwicK 
on this accouut ascribes to them the capacity for abeorbing fluid 
Rourishiucnt, and believes that the plncentn described by v. Ks!t:tBL 
might arise as a more specialised ocUHl«Tiiial organ for taking in 
nourishment. The changes undergone by the eclodemi when tran»- 
formed into the adult int^gunient are nut very important The 
delicate cuticle which occurs in the adult is secreted exlemally. 
At some points, e.g., on the ventral side of the limbs, the ectoderm 
becomea raiiltilaiuinar and here secretva a thicker layer of chitin, 
and thia is hIbo the case nt the distal uxtrtmities of the limha when 
the olaws a» formed. 
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The Nerroos System and the Ventral Organs. 

The nervous system and the ventral organs arise from two massive 
thickenings of the ectoilerm formed by the active increase in number 
of the cells on the ventral side of the cephalic and primary trunk- 
Mgniente. The two longitudinal swellings thus produced appear 
at the time when the limbs become sharply marked olT from the 
body, and develop from before backward. 

According to Skdgwics, eacb of tlicae sn'oHin)^ pouoa directly into a corrs- 
slwodiug thickening of the c«j>halic (antennal) acgnieiit, Lot tiiia, uyiording to 
V. Eekkbl, ia not tliu case, tlie aivellings ending bliuitly wljere tlie cephalic 
Mction commences (Fig. 02), so tlmt the part of llie central nervous sjstcm 
pertaiuiof; to the cephalic Kf^ient arises se]iaralc1y from the rest.* A mnoh 
slighter thickening of the ectoJetra does, howovar, occnr, according to 
V. Kehkel, bctireen the cephalic nnd the trunk portions ot the longitudinal 
Hwcllings at the time nbcn the lattsr api)ear. And tliis, since it denotes the 
formation o[ a commissure, might Ije re^rded sa indicatiTc oF a contiuuiCy 
bctneen the cephalic and the tnmk poitiona of the longitudinal swellings. 
This question as to the continuous origin of the ccplialic and the trunk portions 
ot tlie ceutral uerrous sjstem lias slrendy been discussed io connection with the 
Anuelida (Vol. L, p. 287). It was not indeed there finally settled, but it is in 
Mnnectlon with them that a deciaion of the question can best b« expected. 

The paired thickening on the ventral surface just described gives 
origin not only to the nervous system, but also to the ventral organs 
{v. Kbsnel, No. 4). Transverse sections of the embryo show that 
the thickening projects both externally ami internally (Figs. 100, 
p. 200, and 101, p. 202). In the middle of the ceil-mass ivhich forms 
it, n horizontal fissure then arises extending from before backwards 
nnd separating the mass into an outer and an inner portion (Fig. 
100 li). The inner mass of cells reprosenta tho rudiment of the 
nervous system (h), the outer, reiuaiiung in connection with the 
opidermis, represents that of the ao-called ventral organs (ro), the 
development and significance of which must now be discussed. 

The ventral organs. As the cleft, which in each segment divides 
the rudiment of the nervous system from that of the corresponding 
ventral organ, is interrupted by intersegmental cellular strands con- 
necting its two walls (Fig. 101 B, p. 202), a segmentation of the 
ventral organs takes place which is visible even externally. The 
connecting strands between the ventral organ and the nerve-cord, 
which occur between the consecutive pairs of limbs, are retained 

* Au entirely distinct origin fnr the brain and for the ventral chain of ganglia 
oaunot here be uuertsd, iuasmucli as tho gsjiglion of the uaxjllitry segment is 
also drawn into the brain, as will lie shown presently. On this account and also 
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until the embryo is iiialure, and are even found in the adult 
(v, Ken.vel). As development proceeds, tlio ventral organa shift 
together and finally unite in the middle lino ; tliey Wome fiattcned 
anil a slight depression is seen on their ou(«r surface. Whereas nt 
first they were very massive (Figs. 100 and 101 li), they now appear 
niui;h smaller as compared with the size of the embryo (Fig. 102, 
p. 205), As the embryo develops, liiey become less and less con- 
spicuous, and, in the adult, are represented merely by a small 
uniMtirod follicular deprewion of the epi<lermis sittiatod niedianly 
between the bases of the limbs on each segment (v. Kbmnbl), 
and until recently overlooked. 
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The ventral organs of the anterior ae'jmenle differ from the nA. 
Thoee belonging to the segment of the oral )iupillae, as well as those 
of the maxillary segment, are dm^vn iulo the buccal cavity, and can 
still for a time be recognised on its floor (Fig, 94 A, tw, and rfi„). 
Ot these, the two posterior unite to form the ventral wall of thi- 
oesophagus, while the anterior organs rem&in dJstincL Cunsetjasntly 
each of theae latter develops further independently, and in both 
the external depressions are more marked than the other trank 
ventral organs (tlius retaining, according to y. Kbkxki, the more 
primitive character). This is still more the case with those etnictnies 
which mnst no doubt be regarded as ventral organs of the cephalic 
Mgiueot. Tltcse are two deep epidermal depressions lying n«ar ono 
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Another on the Tentrnl eide of the cephalic segment (Fig. 96 B, i 
which have arisen, like the ventral oi^ns of the trunk, by the 
splitting np of the ectodermal layev into an outer and nn inner 
portion, and the suhsequent invagination of the former. These 
depressions, which at first are <iuite open, but later close almost 
completely, can be recognised even in surface view, first as pite, and 
later as irregular slits on the ventral surface of the cephalic lobes 
(Figs. 93, p. 184, and 94 B, p. 1S5). At a later stage the ventral 
organs close completely and lose their connection with the epidermis. 
As the two vesicles sink down deep into the mass of the brain 
(Fig, 9S B) and thus become cloaciy oonnected with this latter, it is 
clear that, wlien the brain becomes small in comjiarison to the head 
and shifts to the dorsal side of the latter, the vesicles follow the 
brain, and remain connected with it in the form of a thick-walled 
vesicle, the so-called brain-appemhige of Peripatus. The ventral 
organ of the cephalic segment, if, indeed, this vesicle is to be 
considered as such, would be distinguished from those of the trunk 
by the complete loss of its connection with the epidermis. 

The signilicanco of t)ie vpatm! orgoiis Ims until bow reniftined obscure. Tlieir 
great ilevelnpinBiit in the enrlj part of embryonic life, and tlieir reduction in 
iLe aitiilt, iudicates that they are organs which were more highly developed id 
the anoestora of Pcripntut. From their poution it might he couchided that 
I>erLa{jB the greater part of the Tentral sarface, by meuia of ill stroug ciliatiou, 
functioned for locomotion, like the ventral ciliated area of the Annelida, The 
conneotion of the ventral orgona with the nervous ayitem is uot iurprising, 
Gouiidoriiig the origin of the latter out of these ectodmmal masses. It in 
poaulile that during ontogeny the ventral organs may be concerned in supply- 
ing the cell -material for the development of the ventral chain or ganglia. 
r. Krkkel'b statement that the gradually dinjiniahiug cell-mass of tlie veutmi 
organs is us«l in the fiu'thot development of the epidermis seems in keeping 
with the original connection of these organs with the ectoderm, especially as, 
wit]) the exception of the ventral organ of the cephalic segment, the greater 
part of each organ retains this connection. The eimilarity betweeD these 
cephalic ventral organs and the "cephnlic pits" of the Arachnida, which arc 
in the cloaeat connection with tlie nervous system (pp, 12 and 5S), is very 
■tnking. Fig. 9S B shows how closely the "ventral orguis" of tlie head at 
Ptripaiitt hecomD applied to the rudiment of the brain, and comparison of Figs. 
93 and U B, with Fig. i C, p. il. Fig. 7, p. 10, and Fig. 28, p. 52, shows that a 
marked nj^ecirient exists even in the external {loaition of tbe de|>ressions in the 
two groujs. In the present state uf our knowledge, however, we are not 
justified in carrying this eomparisou furlLer.* 

The NervooB System. When the rudiments of the two longi- 
tudinal nerve-trunks first separated from those of the ventral organs, 
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n thin layer of 6bres hail already appenred on the dorsal side of ike 
former. As development proceeds this gradually tliickeiu (Figs. 101, 
p. 202, and 102, p. 205). The poaitiun of this fibrous layer on 
the mass of the ganglion-ceUs is practically retained in the adultv 
for even there the fibrous mass lies dorsally to the ganglionic cells 
(Balfour, No, 1), and only a very few of the latter attain a 
position doreolly to the fibrous inasa. This feature must be regarded 
as a primitive one. In more highly differentiated forms, e.tf., th« 
Crustacea and the Arachnida, the fllirous mass is indeed peripheral 
when it first appears, but is aoon covered by gnnglionic cells, and 
comes lo lie within the mass of the ganglion. It has already be«n 
|)ointed out, in connection with the Criislacea (Vol. iL, p, 162), 
that the appearance of the fibrous substance on llie inner periphery 
of (i.e., dorsally to) the ventral strands might represent a primitive 
condition. 



« commiBsares irliicLk are, iu Feripatiu, round in itrge nuntlvr* 
eaooeating tho loDgitadinal ncrre-trunki, rtow out rrom Ihu Uctar like Uw 
iwriphenl ncrvei, vhich are uid to be formed liy tlic outgrowth of oern- 
librra (v. Kr.vrkl). 

The brain arises in a manner agreeing with the origin of the rest 
of the nervous system, but certain com plications are caused by the 
fact that it is formed by the fusion of the ganglia of two diatiact 
segments The separation of the ganglionic rudiment of the 
cephalic segment from the epidermal thickening (ventral organ) 
takes place somewhat as in the trunk -segments, Init the fibrous tissue 
here lies much deeper in the mass of ganglionic cells, and is putly 
covered dorsally by the latter (Fig. 96 B). From this dorsal cell- 
masB a strand of cells is continued iulo the antennal rudiment, snd 
fonns the rudiment of the antennal nerve (v. Kbnn'Bl, No. i, 
Sedowick, Xo. 10, Pts. iii. and iv,). The latter therefore appears 
as a direct continuation of the cerebral ganglion, and is in this way 
distinguished from oil the other peripheral nerves, which arc menly 
oiitgtvwths of nerve-fibres (without participation of ganglionic 

The nerve-mass yielded by the cephalic segment soon grows to 
such a iise as lo occupy the greater part of the bead; the two 
masses of ganglion cells, from which the antennal nerves prowed, 
shift towanls the middle dorsal line, ivhere tliey form a pair of Urge 
egg-shaped swellings (Fig. 97, g). The pair of ganglia composing 
the brain are at first separated by n deep slit This becomes bridged 
over later, the fibrous mass of the two halves of the bnia aniting 
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to form a commissure (the so-called supra-oesophageal commissure, 
V. Kemnei.). This coiutaissure is thus of secondary origin, and 
seems also to involve parts of the brain lying further back. Tlicse 
parts, however, do not belong to the cephalic apgment, but are 
formed by the (maxillary) segment that follows it. 

When the jaws become enclosed in. tho developing buccal cavity, 
the ganglia of the maxillary segment also sink below the surface, 
and pass toward the doi'sal surface, so that they can soon be 
recogntsed in viewing the embryo from the dorsal aide (v. Kbnkbl, 
Fig. 97, Sm). It must be assumed that this upward displacement 
takes place along the oesophageal commissures which are already 
present. Tlie maxillary gauglia are thus approximated to those 
of the cephalic segment, with which they subsequently fuse. This 
fusion is very intimate, and the maxiUnry ganglia can be recognised 
as two moderate prominences behind the antennal ganglia (Fig. 
97, fftii)' ^'"^ fibrous masses of th« maxillary ganglia from the 
two sides unite to form a com- 
missure, the sub - oesophageal 
comnuaeiire, this being facilitated 
by the downward elope of the 
posterior ends of these ganglia. 
This method of formation of 
the euboesophageal cominissure 
renders it very improbable that 
it is a primitive structure. A 
commissure lying further hack 
and consisting of cells (Fig. 97, 
(T) might rather he considered 
ns such. This latter commissure 
connects two ganglionic swellings, 
which may perhaps be attributed 
t« the segment of the oral 
papillae. All the commissures 
which follow this are, as already 
mentioned, said to bo derivatives 
of the fibrous substance. 

The point that niuit bt ngttdi^d as of most ini[)<irtancQ in the formntioii of 
tbe bmin in t'fripatxa ia the Aiaion of tlie maiilUry ganglia n-itb ttie ganglia 
of the c«|)li&1ic Hegnient, fur this feature distinguiabea PeHpalut froai the 
Myriopnda and the luaecta so far u \a at present Icuown, and connects it 
nitbor witli tlio Cruatacfs, iu whiub tbs ganglia of the segment of thp second 
•uteimae ouite Kith the liruiii (Vol. ii., {>. 16D). It therefore aeeois likely that 
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the jsH'B of Perijiatiia ar« to bo homologiwd, not with the miui<lil>lp.t of the 
Inucta, t>Dt ratlier witli the ucond anteuoBa of the CruitacM. Thv qucstiun 
which nftlDrall}' uriiws ns to wlictlior the DOrreBpoiidiiiK M^nivul hiu \wvu \atX 
in the Inseeta, or, in other words, u to the relation to it of the muidilitilar 
segment, e«o hMiJIy, in the present itate of our knowlnlgD, lie profitallj 
ditoDiBed. 

The close connection brought nl>out betwHon the maxillKry legment and the 
cephalic segtnent increues the (vrobabilit; ot the vieir exprowed kbore, that 
the uitannal segment also (now known as the cephalic wgment) may have 
been united with a cephalic section formerly present, aud now to a great extent 
degenerated. We were led to this auaiuption by the prceencc of the two 
prominences in front of the antennal rudiineuta (Fig. 91, x), and hj tlia cloM 
Bgrcenient in nunner of foniiatioti between tlie Bntennae and the feet. It ia, 
indeed, difficult to rocoiicila with this view the statement that the ■ntaiOAl 
nerve forms in a manner es»onti*lly different from llic peripheral nerve*, tml 
tills puiiit hu u yet ri-neivod too little attention to b« considered as of decisive 

The Eyes. 
The rudiraonts of the eyee hnve nlrendy ujUMiareJ Lefotn the 
separation of ths nervous syBtem from the ventral organs. On 
the doreal boundary of the ectodermal thickening in the cephalic 
segment, a small pit is formed on each side, behind and somewhat 
ventrally to tlie rudiments of the antennae ; the floor of this pit 
ie at first connected with the ectodermal thickening, but eoon 
becomes detached from it. The pit closes to form n vesicle, which 
becomes constricted off from tlie ectoderm. Outwardly, i.e., towards 
the epidermis, this vesicle is unilaminnr, but ou tlie inner side il 
is multilaminar. Pigment apjwurs on the inner boundariea of its 
cells, and in ite cavity the lens is secreted. The celts of the innur 
and lateral walls yield tlie rotls of the retina. A differentiation into 
cell- and fibre-substance has already taken place in the thickeneil 
inner wall of the optic vostclc, and a connection which occurs 
between this part and a process sent out by the brain gtvee rise 
to the optic nerve, which is thus a secondary formation (v. Kkxicxl), 

Skduwick's aeconnt ot the origin of the eyes iu Piripalui u wiroeiilut 
ilifforenL A<.>conling to hiu, the rogion in which they originate still belonss 
to ibo brain, and they do not loM their connection with tlie Uller, the laiwr 
wall of the optic veaiclea remaining united with the cull-mast at the bnin. 
Hie optio nerve ariHi at this point later by simple conitrietion. The eya 
llilia originate chielly from the brain, and are coverwt meiety liy the eotodvmi 
of the inrfaea ; they are "carebf«l eym," aocording ^l SsinjwiiK, in opponlkm 
to r. Rt^NKi,, who believea, u atated alwve, that they arise indepndently 
of the brain. 

It ia possihie that the nUiervaCiiins made on the origin of the eyva in frrtfoltit 
oan be harmonised with tliosc of the develnjunnnl of the eyca in tlx Annelid*. 
Ths «y«« of rrripittui agree closely with more highly organised Annelidan ejea. 
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such (18 tliose of Ihe Alciopiiiac. According to KLEtnESHKRG (Vol, L, p. SS9, 
AuDdidmi Lit, No. 2€), the eyes in thia fnniilj arise indepeDdently of the 
cepliKlic gsnglion as tiro octodomial inviigiiiations, but the inner wall of tile 
optie reside ia mid to become closely connected with the lirsiu, giving off eell- 
material direct to the latter. The elements of the two organs, in any case, 
»eein for a time to be closely united, at the very jioint where the optic nerre 
fonns later. If Klein en bbmi's observationa are confirmed, a similar condition 
might be thought to prevail in Peripatui also, and the opposing views of 
V. Kfsnbl and Sedgwick might thns be villained. 

The Slime- and the Crural Glands. 

The Blime-glanda are of ectodermal origin, arising aa dejiressiotiB 
OQ the tips of the oral iiapillae (Fig. 93). At first the pita are 
shallow, but they gradually deepen and their blind ends grow inwarde 
and backwards. The pit liaa thtia, at the stage depicted in i'ig. 
94 B, become a conical tube {Fig. 97, srf), which has grown back 
to the intestine. This growth continues in the following stages, so 
that the glands eventually attain a considerable length. Tliey 
retain their simple tubular form; the branches which occur in 
them in the adtdt appear as outgrowths shortly before the embryo 
is mature and ready for birth (v. Ken.'Sel). 

The slime-glonds are no doubt to be regarded as modifications of 
the cniral ^ands, which, as sac-like structures, lie in the lateral 
divisions of the body-cavity and open on the ventral side of the 
feet. In the different species of Penj'alii« they differ in number 
and in distribution. These glands first appear at a late atage of 
embryonic development as ectodermal invaginations lying at the 
bases of the feet distally to the apeKures of the nephridia (Fig. 
102, e, Sbdowick). In the male (/*. capemU) the crural glands of 
the last pair of feet are transformed into long glandular tubes 
(Bauour). 

The Alimentary Canal. 

With the exception of the short stomodaeum and proctodaeuni, 
which are ectodermal derivatives, the alimentary canal is of ento- 
(lermal origin. 

The following Bcoount is derived principally from the description given by 
SED6WICK of F. caprniU. this form being chosen because we must regard it u 
more primitive tliaii the American species exnmined by v. Kbknel. The two 
fortiu vaiy principally in the first slages of the development of tho Intestine, 
the UtcT stages showing great similarity. 

In order to understand the formation of the intestine, we must 
revert to the gnstnda stege of P. '•nfien^U. Tho blastopore there 
leads into a cavity, which is lined by a thick protoplasm io 
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syncytium containing nuclei Einil rich in vucuole?. Tlua Totuminous 
nucleated mass must no doubt be regntdod as corresponding to the 
yolk with its nuclei found in P. novae-zealtindiae. In tlie latt«T 
form, the nucleated yolk forms part o( the boundary of the nrch- 
enteric cavity. In both forms tlie blostoiwro lengthens (Fig. 99 A), 
and ia constricted in the middle of its kngth, where iU edges become 
approximated and fused ; thus the original single blastopore becomes 
divided into two apertures {Fig. 99 A-C). During this process^ the 
vacuolated enlodennnl syncytium becomes arranged into a regular 
epithelium which, where the blastopore Is still patent, pa«sea over 
into the ectoderm, but tn the region of the closed blastopore forms 
a tube that is said at first to be connected with the mesoderm-banda 
lying in that region, but to become isolated later, thenceforth form- 
ing a distinct entodernial tube, 

[u P. novae-uoliin'li'K, iii i.'OD9«queDco of tlie largo aniouut of yolk pntntt 
this process i* (oniewliil dtllerent. The eutodenu -cells are here aaid to hae am t 
arranged at the {wrijiliery ot the yolk iiite au epitlirlinni trhicli Iboi (arrmads 
the yolk. The latter woiiM then be gradually alworlivd during the farthet 
devclapmeiit of the irilMtiiiv. Tlie mouth uid SDua fonn ut in P. eaptmtU 

[SUILDON). 

The two apertures derived from the elongation and constriction 
of the blastopore (Fig. 99 V) are the primitive mouth and ajius. 
They do not, however, persist as those organs in the adult, owing 
to the appearance of n depression of the ectoderm at each of the 
openings, so that the ftoint of union between the ectoderm ftod 
the enloderiu is shifted inward, and an ectodermal stomodaeiun 
and proctodaeum are formeil. 

The changes of form undergone by the embryo hove their iiifiucnoe 
on the rudiment of the intestine. As a consequence of the curvature 
of the embryo, the entoderm extends anteriorly and posteriorly above 
the mouth and the anus (Fig. 98 A). Tlie anterior wall of the 
stomodaeuni thus rune forward. During the further development 
of the cmhryo, however, the couree changes. When the mouth is 
shifkd more to the anterior end, the anterior entoJermal sac 
degenemtes, and the stomodaeum now appears directed posteriorly 
(Fig. 98 B), The dorsal wall of the anterior portion of the 
intestine up to this point was closely up|>osed to the body-wall 
(Fig. 98 A ami B), hut the latter now separates from the gut and 
forms the swollen anterior end of the ombrj'o (Fig. 9n C). It is 
follow«i] in this course by a diverticulum of the entoderm, while 
the atomodaeuu retains its former position. This diverticulum t* 
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also oblitertit«d in the further course of development, and the 
intestine then runs straight back. The stomodaeum gives rise in 
PeriixUug to the muscular oesophageal swelling (pharynx), meso- 
derroa) tissue also contributing to its formation. The external 
changes in the mouth have already been described in connection 
with the external form of the body (Fig. 94, p. 185). The growth 
of the embryo produces similar changes at tlie posterior end of the 
intestine. 




!tt tlie Amencan species of PcTipatxa, the intestine erea *t ita Brat nppearsnce 
differs from that of F. oipttaU, as no elongatioa of the blastopore occnrs in tlieso 
forms (v. Kbnhel). Tlie rndiment of tha euUiou, whiuli ia completely closed 
to th* exterior and has been produced by the iugrowth of eella (Figs. 80, p. 1"1, 
uid 91i p. 173), IB hero Bac-ahB[>ed. Ae Uia embryo lengthens, tbe enteron 
slao extends iu the fomi ofa tube. Its oonncctiati with the ectoderm ts brought 
about through tbe fusion of the entoderm iciih the ectoderm, an iuTagination 
of tbe latter at this point forming the oral sperlure. The month arises ventrally 
on the boundary betrcen the head and the trunk, and the anus in iront of tbe 
blastopore (Fig. 88 A). It has olrcwij been poiiit<^d out (p. 178) that these 
tiTO apertures occupy the same positions as iu /'. c^xmit., and tliat they perhain 
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wpi* originally related to thf liInBtopiitc. v, Keiinel, iiowevcr, don not 
believe tliis, and, further, nevtM little inclined to attribute much value to the 
oleervationB on tliii point made in other ipccies of PerCpalut. He attribute* 
ui altogether difTcn-nt itguilipan™ to tlio groove iu the blastoderm olaenred 
by himsolr and deauribed 1i; iia in accordance with the ricns or Eiigliah authori 
ai the b1astopor«. 

The further d«*elopnieiit of the {iliaryux takes a course limilar to that abora 
described, the primary oral aiHTtiire shirting inwards, while an anterior «ut«- 
dennal'direrticulum appeals. The aual aperture, on the contrary, whioh aroae 
iu Itont of the bUaloporc thi-ough the Connatiaii ol aaUt (Fig. 89 .4), is mid not 
to coincide with the ailnlt anus. The former closes by the approiimation 
of its edgea, and an ectodermal invagination arisca a little distance iu front i>l 
it, grows inirard towards the cntoilenTi and fuses with it. The irotnni and 
anna am thus formed, the Utter tli*n Bhiftiug more to the posterior cnrl of tlie 
embryo in consequence of the uiiviiuiil growth of tiii; latter (v. Kkxsel). 

The Heflodeimal Structures. 

Tlie formation of tlie 
chief tDosa of the tiiM» 
derni proceeds front a 
zone of growth lying at 
the posterior end of the 
btostoimn.-, and estooda 
forward from this point 
in the form of two Innda 
(mesoderm - bands) lying 
Kyinntctrically to the v«n- 
iral median line. Where 
■.I alit-like blaatopore ia 
present, ns in the Afric&n 
and Australian species, 
the mesoderm- bands lie 
in close contact with it, 
and are thud ajtnated in 
the region where the 
ectoderm paasea into the 
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THE HESODEBUAT. BTRDCTITBES. 

English Bnthors, in Hi^canlsDcc with the termiuolog; used iu the Vertehrata, 
have citlled the Krowiug nine the primitivG atre&k, and the groore-hke depressiou 
that oorun in it the priinitiTe groove. Uaach a groove occurs, it must no donbt 
b» regmnted na a continuation or tlie blaatopare, and we must assume that it ii not 
the most posterior part which is retained as the anus. Tlie growing point itself 
miut be considered as Ijing on the posterior mai;gin of the blastopore; At this 
point, a great sccnninlation of cells takes place, and the gcnu-lajcrs are here atill 
fused and iiudiOereatiated. Id so far as the niesodemi -bands extend forward 
from this undiiferentiattti] cell'Tnass, the condition here to a certain degree 
r««pnible8 that in tbe Annelida. Skdowick even speaks uf polar cells of the 
niesoiteriD, but of these nothing definite is known. There can be no doubt that 
the n^esoderm is chiefly produced from bebjnd, i.e., from the groning zone, but 
ill ronacquence of tbe close appositian of the mesodemi-bands to tbe edges of 
the blastopore, the participation of the latter in their growth cannot he excluded 
(SkpUWick). In the American upeciea, it nppesrs certain that no such partici- 
pstioD oGcuiv. The forward growth of the uiesodenti- bands takes place from 
the jwint of ingrowth, which must be re|{arded as the blastopore, and their 
growth determines the leugthening of tbo vliole embrjo. Tlie mesoderm-maas 
here wpuretes from the sac-like rudiment of tbe enteron (Figs. 100 anil 101), 
but not so fcharpi; as to exclude a connection of the former nith the oetoderm 
on the om< side and with the i-ntodenu ou tbe other, which can be proved to 
exist even at later stages, when tbe mcsoderni has liecome far more liiglil; 
differentiated. The mesoderm may thus be regarded even in this ease aa 
■rising on the boundary between the ectoderm and the cnloderm. 

The further development of the mesoderm-banik takes place in a 
manner very similar to that in which they develop in the Annelida. 
Before they have renched the anterior end of the blastojwre, they 
break up into paired, regularly arranged aegmenU (Fig. 99 A-C, 
um). Cavities then appear in these, and, aa these groduaily widen, 
the cell-material of the eepamte segments Iwcomes arranged into it 
regular epithelium. The paired primitive segtuenta thus arise. As 
they extend further, the outer wall becomes applied to the ectoderm 
Bud the inner to the entoderDi (Fig. 100), like Uic somatic and 
splanchnic layers of the Annelida. A pair of primitive segments 
belongs to each body-segment The difTenmtiatiou of the primitive 
eegmenta commences in tbe most anterior port of the niesoderm-banda 
and extends backward, their number increasing with the growth of 
the body ; the first pair of primitive eegments to develop is thus that 
belonging to the cephalic segment, and this is also much larger than 
any other pair. It extends almost to the ventral and dorsal middle 
lines; the two halves, however, do uot come into contact, and con- 
sequently no mesentery is formed. Transverse sections through the 
body of an embryo at the stage when the primitive segments are 
being ditlerentiated closely resemble, especially in the anterior and 
posterior regions, similat sections through an AnneUdan embryo ; 
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they show the cctwlenu with ita ventral thickenings, and the tvfo 
mesoder Ill-segments containing the iiriniitive body-cavity, l>oundc<l 
hy the epitheliiJ walls, applied to the eetoderm and the eutodcrm 
(Fig. 1(10). 

Such anatomical an<I histological differentiation is present in the 
eiubr>'o represented in Fig. 88, and no futllior essential cliungo 
appears until twelve to fifteen segments are viaiMe externally, 
t<^ether with the full {adult) number of internal s^nienla 
(v. R INN el). 

When the mesodorni-bonds have broken up into tlie aeries of 
consecutive priniilive segments, the resemblance with the Annelida 
is very striking, but the further course of development diffets, 
inasmuch as it is not the segmental cavities which yield the 
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body-cavity of tlie adult, for, in PerijiatiiK, the latter arises as a 
peniidocople independent of the primitive segments. All that is 
retained of these segments enters into the fonuation of the nophridia 
and the genital organs (v. Kbskel, Sbehiwick). 

The formation of the future body-envity and of the ne|ihndia i* 
commenced by a thickening of the ventnd wall of the primitive 
segments ; nnd subsequently, by nn ingrowth nf the cells of this 
thickening, a separation of thi; segmental cavity into two epocea is 
brought about, one dorso-medi&n and the other latenil (Fig, 100 B, 
m and f) ; these atv at first connected, but become eomplct«ty 
separated later (Fig. 104 A, \\ 310). The dorsal portion shifta 
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towarUs Ihe dorsal median line, while the greater part of the lateral 
portion is withdrawn into the rudiments of the limbs (Fig. 104, 
V. Eemnbl, Sedgwick). 

Even lieroie tliia 3i![iiiration has conimenced, while the primitivo segments 
still retain tlieir sac-like shape, the a&terii-i)orsa1 portion of each grows forwaid 
over a [lart of tiie preceding primitive Begmcnt, and tliua extends into the 
preceding bodj-eegnieot. Tliis, eipluna the Tact that in transverse lections vre 
not odI; see the segmental cavitj of ttie segment through vhich the section 
paues, but also a portion of that belonging to the next segment, »ud timt this 
latter lies above the ventml portion of the segmental cavitj of the pi'eceding 
segment 

The lateral portions of the primitive segments yield the nephridia, 
and the dorso- median the genital glands in the segments whiiOi 
contain these organs ; in the other aeginents these portions disappear, 
their cell-elements being used in the formation of the blocxl vascular 
system and the mustulature, and for the further development of thi? 
pseudocoele, which now comes under consideration. 

The Body-cavity and the Blood-vascular System. 
Even before the division of tlia primitive segments into two 
portions, the ectoderm had separated from the entoderm with which 
it was until then in close contiguity, thus giving rise to a free space 
dorsally and ventrally to the intestioe. These spaces are the first 
indication of the body-cavity of the adult (Fig. 100 .4 and S, Ih), 
and into them the laesoJerm-cells which become detached from tlie 
primitive segments wander, As these cells become applied to tJie 
entoderm and ectoderm, the cavity which is at first bounded merely 
by these two germ-layers, and is therefore to be regarded as the 
primary body -cavity, becomes lined with mesodermal elements 
(Fig. 101 A, Ih). These spaces, in consequence of their origin, 
are not segmented, but the other and lateral portions of the future 
body-cavity, which arise by separation of the cell-elements in the 
inner thickened somatic wall of the lateral portions of the primitive 
segment^ exhibit a segmental arTan<jemcnt (Fig. 101 A, l.lh). 
These cavities, at first distinct from one another, fuse togetlier later, 
and givo rise to the two spaces, the lateral sinus of Sbdgwicb, which 
later ran continuously through the body, and in which the nerve- 
fitrands lie in the adult, Another space on each side of the body 
agreeing in origin with these latter simces, develops still more 
periphenilly in the limb-rudiments nnd surrounds the nephridia 
(Figs. 101 and 102, p./A). This last part of tlie body -cavity, which 
may best be described as the pedal body-cavity, unites later in some 
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places with the lat«nil Bpaces, so that, where this is tha case, the 
nephridia and the longitudinal nerves come to lie in one comuion 
cavity. 

Several uivities unite to form the central Bpace which, in tho 
adult, contains the int(»tinc and the genital organs. According to 
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tScdgvick, two new spaces (Fig. 101 B, pe and iiUk) appear on the 
outer sido "f c-ach of the dorsal portions of the primitive segments 
(sA), tho wall of which to some extent foinis their inner bonndarjr. 
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Tlie lower of these spaces (m.l/i) at a later stage grows above tlie 
iutestine, and unites with its fellow and with the space which has 
already apjMared beneath the intestine {Ih) to form the greater part 
of the permanent median cavity, the so-called central compartraent 
of the body-cavity, while the upper one represBnta (pe) the rudiment 
of the pericardial cavity. 

The jiericardial spaces on each siile extend towards the median 
line, the remains of the primitive sognionts being thus displaced 
downwania. The cavity (lli) that arose early above tlis intestine 
thus appears confined, together with the dorso-median portions of 
the primitive segments {»h), betiveen the two pericardial spaces (jif) ; 
the latter grow alx>ve the pseudocoele (Ih), and also between the 
latter and the dowal portions (nh) of the primitive segments, and 
unit« with one another in the middle line, Thus the common 
pericardial cavity is formed, surrounding the dorsal pseudocoele (Ih); 
the latter now assumes n tubular form and becomes the definitive 
heart (Fig. 103, h). According to Sedgwick, the primitive segments 
lake no part in the formation of the heart. The oatia of the heart, 
the formation of which has not been closely observed, do not arise 
until later, when the embryo is ready for birth. 

DeUclied luesodenn-cella, whicli Wome a.iij)liod to the oul«rwn]l of the heart, 
give rise to tlie cell-nioas within the pericardial tavity, which has been compiu'ed 
to the fat-body ot the lineola. It involuntarily reniJiidB ua of the cell-growth 
oil the dorsal reasel of tlie Annelids, wbicli is protwbly liDniologoaa nith the 
pericBrdial gland of the UoUuwa ; but we are prevented from faoiuologisuig 
the two structures because the pcricitrcliiU RUnd, as an outgrowth of the 
peritoneal epithelium, lies witliiu the secondary hody-cavity, while the cell- 
nua in Ptripaliia lies outside the latter, The pericardial space in Ptrijiatut, 
like that of other Arthroiwds, does iiot corrcajiond to the peric^ardlum of tlie 
Hotlnaca or the coelom of the Auuelida. Only ita ventral wall (the pelioardial 
aeptOD], Fig. 101 B, and 102, jm) is [irrhaps in part formed by the aoniatic wall 
of the prinutive segments, as ix also the case in the Inaecta. In Peripatiis, as 
in the Arthropoda, t!ie dorsal vessel is in direct communication, in the adult, 
Wftll lilt! body-eavity, and tins fact is ex]>Uined by the siniilsrity in tLe 
development of tliis system of ojgaiis iii tLe two divisieus. 

In the two anterior (cephalic and maxillary) segments, the trans- 
formation of the primitive somites undergoes certain modifications 
determined by the aiiecial form of these parts. 

In the maxillary segment, the inner or dorsal part of the primitivs 
somite is not extensive, and fuses with the corresponding part of the 
succeeding segment which projects into this segment. The different 
spaces of the jwrmanenl body-cavity are here less distinctly developed. 
The lateral parte of the primitive segments which occupy the mdi- 
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menu of the jaws unileigo considerable tliickeaing of their outer 
wa]l§, the formation of the strong luusculnlure of the jawa beiii]{ 
thus brought nhout, the inner wall supplies the colls which fonu the 
muscles of the pharynx anil stomodaeuin. 

The primitive somites in the cephalic segment are at first very 
large and occupy the greater ]>ail of the segment As the ventral 
organs and the brain increase in site, the primitive »c){mcnts Atv, 
however, pressed towards the ilorsal surface, and thus become leaa 
extensive. Parts of the primitive aegnienta pass into the antennae 
(as elsewhere into the feet), so that these latter at tirst appear to be 
hollow, though the cavity degenerates later (Fig. 96 A, ut). The 
wall of the first primitive segment gives oS cells for Uic formation 
of the musculature of the oesophagus. According to Ssdowick, the 
anterior primitive segment, like the rest, is <li\'ided into a dorsal and 
a lateral portion, the significnnce of which will be discussed below 
(e/. the Xephridia). 

The MnKoUture. 

ETen In carlj HUgea. Iiefara kuy diHVrcutiition hul tnkpn pliw in ths 
primitive MBnionta, cvlb lecaiuf dctoclied Trom thriii ao'l b«««infl sppliMl to 
the eclodcrui. These cclb, uiil other* nhich foUow tliem (luring th* flirthw 
devclopmeul uf the mesoderm, giv« ri«p, imiuedistely below tlie eclodorm, to « 
lijr«r of cucular matcle.fibru*, which at first is thiii, but in Ut«r itagM liooomM 
mnch thicker (Skuowick). TIio lotigitailiu*] niUHclea uiw latur th*D th« 
dreuUr dbree, thoir Qbrt* sppeoriag in the cell-Uycr that coven the latter 
internally. Aooording to Srhowick, they are dittribolxl into various com. 
pleies, one ventral, two ventro-laloial, two lateral and two forest, corm|ioiMliiiK 
to the longitudinal mtuwle-bmidles of tlie adult 

The ninacalsture uf llie iututiiie and o( the inner orgaui generally n darived 
from the waudering oella whiab become dcIacliFd from the primitiTB ■egroent* 
and appljad to theae organi. 

Tlw NephridU. 
Tim nejihridia arise in the following way from the lateral jurlions 
of the primitive segments, the greater jiart of which occupy the 
bases of the limbs. Each primitive eef,'mciit has a conical outgrowth 
directeii towards tlic ventral side, which lengthens and, at the base 
of the fool, fnses with the ectoilerm, which Woraes |)erforat«d at 
thia pmnt, and thus the cavity of the primitive segment opens on to 
the exterior (Fig. 101 A); thia aperture persists as the external 
opening of the nephridium (Skdgwkk). The ncphridium is now 
essentially complete (Fig. 101), for it does not possess a funnel 
opening into the adult body^cAvity, as was formerly believed by 
BaLroDR and UArraoN, but, according to the lat«st oleervationa of 
StDOWicK, throughout life ends blindly in this direction, the esnal 
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of the nephridium being continued into tlie terminal eaccttlar 
euIargemeDt {Fig. 102, es). 

Wo nuiat tliiis assume that the Dephroatnnie of the Aiine1id& ia reprewnted 
by the ofioiiing of tlie iK-phridiuni luto tbc termtnot tao. The lerniinal uc, 
therefore, correspondB to the coelom (seooo'liuy bodj-cavity of tlie Aunelida), 
a viev which is conlirmcd bj the manner in which the nnpliridia aris«, A part 
«r the ooeloni has thus come into direct relation to the kidney, and a atate of 
things is found rerj similar to what has already lieen met with iu the Cruatauea 
[1. ISO), and, witli certain modiBca-tious, will lie found t 
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The above description of the Bimple formation of the nephridja 
nppliea Gpccially to those of the segments carrying the first to third 
liuibs (of P. capensis). Those of the following limbs are distinguished 
liy the fact that the canal becomes much coiled in later stages and 
widens towards its outer end (Sedgwick, Fig. 102, sb), like the urinary 
bladder in tlie nephridia (antennal glands) of the Malacostraca. 

Apart from the tratufoniiation whiuh ire eball lind in tbe oeiihridia diiriu); 
tlis ionuatJOD of the salivary glands and the genital organs, there arc im- 
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imrlnut oliongi.'s lo be observwl iu the ccjihilic auJ iiui\il!»rj- wgrncnli. Iti 
the laller the ncphridu hare dej^neratcil ; trw«s of tlitiD oulj an MJii Ut 
bs FoDud (v. Kkn'KKL). In the cephalic ^cgmcut, ou the contrarf, the liru 
M^iPDlkl cavjtie* (in enrlj slagoa) arc aaid still to open outward throngli 
canaU (Shbliwn', No. 12, Pt. ii.)< r- Krnnkl aod Seduwick diacribt « 
(Ganal-like) ooutiniution of the primitive cephnlic eavitj wliicfa ilcwMiidi on 
the outer aide or the octodemial thickening (rudiment of the nerroiu ijit*)!!) 
•nd fUBM with tlie ectodemi, immedialvlj in front of the jaws (SKDOwlnc) ; 
Mconling to L. Shbuh>K, indeed, it even 0|>uu9 outward at thii point. This 
oanat liaa lieeit considered homologaui to tlie caual of Ibe nephridia, Aeenrdinit 
(o BxpuwirK, it therefore lielongs to tlie lateral portion of tlie fint piitnitivn 
tegnieut. We cannot clearly make oal, from [hi* figures given, the rrlatioti 
of thii lateral |Kirtion to the coeloniic cavity of the anteunae. We thetefore 
refi^iii from diacnuing the poaitiati of tliii efferent canal aa comiiared with 
tboK of tlio other nephridia, and nierely puiut out that a remarkable chanee 
in the position of the nt-tihridinni tnnariU the liuili uuat have taken place if 
thia canal ia really the nephridial canal of the >a-c«l!ed cephalic ergmeni, and 
if mir farmer aasiiiuption that the antennae of PeripalKt ars tramiformed limba 
!• correct [^, |>. 186), 

The Salivary Olande. 
According to v. Kgnsel fttid Sbdt.wick, wlm a^'roe on Ihu point, 
there cun be no doulil that tlio jmirfd gUnil nhirh opens into tlie 
buccal cavity through a short, coinmoii duct arises from the 
nophridin of tiio Begiiieiit carrying tlie ural papillae. Theae dticU 
develop in the same way as the undoubted nephridin. They originate, 
after the separsUon 
of the clonxvmeidiau 
\<o.Ti, from the Utemt 
portions of the pritui- 
tivfl segiuenta which 
develop an ext«maj 
nperture (FJg. 92, im, 
nnd 93, gp, p. 184). 
Thtfir furtherdeV'eIo|>- 
nient ia peculiar only 
in HO fur that the 
counl, at the point 
V'here it piuwea into 
the terminal sac, 
begins to lengthen postvriorly (Kig. 103 A), m that a long, blind 
tul« arises at thb point (Fig. 103 B, k). This tube gives origin lo 
tbo i>Hnci[)aI ]iBrt of tlte salivary glaiid : it, however, tetaiiu ikrough- 
oiit life the vi-siculor portion of the rudiinciil (t) corresponding t» 
the terminal sac (v. Kkmkbl, Skdowick). Tlie connection of th« 
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latter with the glandular tube becomes ilrawn out mt« a aUort canal 
(Fife- 103 B), which enters the latter dorsally (Sedqwick). 

The two esternni apertures of the nephridia (Fig. 103, »p) are 
displaced into the buccal cavity by tlie fold which encloses the 
mouth. They here come to lie in a transverse groove, which, as 
the buccal cavity develops further, becomes deeper and shorter. 
This groove eventually becomes a short canal with a elit-Uke lumen, 
into which the two nephridial canals (salivary glands) open. This 
IB the common efferent duct of the salivary glands opening into the 
buccal cavity (v. Kesnel). 

The Anal Olands. 
The so-called anal glands, a pair of glandular tubes which, in the 
male of P. E/iteardni, open ventrally en either side of the anus, and, 
in P. eapetmi, open through a short, common efierent duct at the 
genital aperture,* and are evidently related to the genital apimratus, 
■re shown by their development to be tiioiiified nephridia (v. Kbsnbl). 
Tliey arise in P. Edieai-dsii from the primitive segments of the last 
(limbless) segment upon which the anus opens ventrally. The anal 
glands occur as rudiments in both sexes ; in the male only, however, 
do they attain the functional tubular form; in the female they 
degenerate. 

In P. tapriifii, at the male genital aperture, a paii' of glanda open wlijcb arc 
Bp|«reQtlj the homologiie of the aunl g1a.uds of tlie Aiueric^ati sjmles. But 
loiux the nephridia of the segment which carries tlie genital ajwrture give riae 
Co the liferent diiots of the genital apparatus (see below, p. 2DD), these glaniU 
niost liBve a different origin. It apjiears probalile that they are derived from 
oue of the two additional jiairs of primitive acgments found by Sedowick iu 
P. capeant behind the primitive segmenti of the anal papillae. In this form, 
the gsnilal aperture has shifted to a position qaitB near the anus, lying in front 
of it on the segment carrying the anal papillae. In P. Bdvxirdsii, on the 
contrary, the genital aperture \a found two segments further forward, on the 
penultimate linib-besring segment. Since, according to Sedgwick, there are 
still two segnienti which renmjn in an imtleTeloped condition behind the laat 
fully formed primitive segment (that of the efferent genital ducts), it might be 
•smiued that these carrea[ionded to the last limb-bearing segment and to the 
■O'Called anal segment of the American species. Tlie latter would thus hare two 
well-developed segments {the genital segment and that fallowing it) in a region 
where in the Alrican and New Zealsnd species a degeneration occuri'ed, which led 
10 the genital and annl ajiertures coming to lie on apparently one and the same 
segment. This would also enplaiu the aiiproiimatjon of one of the last pairs 
of nopliridia (the anal glands) to the antepenultimata pair (the elTereut genital 
ducts). This assumption seems to lie confinned by the fact rccentiy made 
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knoiTiL bj L. Sbklimim (Xo. 13) that, in P. wttac-atalaadiat, in tlie «o-olle(I 
>dbJ wgiDpnt, then m tvo coiled giMiiduUt tuliM, Mcli of wliicli opcus 
independently at tlic tide of the body and laterally to the nerTe-trunks, i.t., 
U a spot nliGie nanually the u«pliridial apertures open. Th«se two glanda 
are tli« eqiiivalenU of the anal gUndi (Seuowick, Shelooh], and an mora 
comctlj called aooeasory glandi of the maU genitAl apjiaratus ; from tlieir 
poiiciou, tbej may wfdy lie retarded u niodilied nephridia. It ahoiild I« 
iTientioned fMrther t)i»t the American species, which thii* ihaw* the inoro 
primitive coiidition in the aegmontation of the ]KMteiior end of the body, eIiows 
DD Uie other hand ■ Icsa priinitiTB method of rei>roduction. The ■hiftliig of 
the >Diu forward from the lermlDal eegnient must, indeed, in any cMe be 
regarded as scoondary. 

Tbe Oenitkl Organs. 

In the fifteen anterior segments of tlie oiiiliryo of P. raptnuU, the 
■lorso-meiliati portioiia of the priniitive aegmeiits are conccnied in 
the fonitation of tho poricnH ium and heart, but in the folluwing 
segments their fate is quite different. After their separation from 
the lateral or nephridial portions, they shift towards the dorssl 
median lino, und, decreasing in size, come to lie as stnnll triangular 
Roca between the wall of the intestine nnd the periitanliuni (Pig. 
102, ^). It Is these, accurding tu Ssdowick, which yield the 
genital glands. Cells appear in them at a very early stage; these, 
which are distinguished by their size and specially large nuclei, 
are the primitive genital cells. We might assume with v. Kexnbl, 
that these arise in the wall of the primitive segments themselves, or 
in the mesoderm- mass, before it breaks up into primitive segmenta, 
ns will be described later in connci'tion with the Inseeta. On the 
other hand, Sidgwick ascribes an ent<^ermal origin to the genital 
cells. [See Editorial Preface, VoL II.] 

Ity the fusion of the dorsal portions of the primitive somites 
pertaining to consecutive body-segments and the breaking through 
of their tninaverse walls, two tubes are formed, and these como 
to lie in the middle division of the body-cavity. Up to this point, 
the rudiments of the genital organs ore alike in the two sexeo, bat 
a histological differentiation now takes place, inasmuch as the genital 
cella increase more rapidly in the male, und become smaller, whereS 
in the female the germ-cells retain their large size. There is also an 
Anatomical differentiation, the genital rudiments in the female fnatng 
at the anterior end, while in the male they remain distinct in cone- 
spcmdcni'c will) the form of the genital apparatus in the adult. 

We must uasumo that the median portions of tliiiM posterior 
primitive segments yield the genital glouils, while the efferent ducta 
are derived from the lateral portions of that primitive ae^eat 
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which develops the genital aperture (in P. capeTisii this is the Begment 
of the anal papillae, and in the American species the antepenultiniate 
segment).* An actuiil eeparation iiito a lateral and a dorso-median 
Bection, such as takes place in the other primitive segments, does 
not, howeyer, occur in the genital segment; liere, indeed, the 
primitive somite extends dorsally, hut its widened dorsal portion 
remains connected with the lateral portion. After this primitive 
segment, Hkc the rudiments of the nephridia, has acquired an 
eKtemal aperture, its dorsal part fuses with the posterior ends of 
caL'h of the tubular genital glands, and the rudiment of the genital 
organs is thus essentially completed. The two external apertures 
shift towards the middle line so as to lie beside one another. An 
invagination of the ectoderm then jielda the unpaired terminal 
region (ductus ejaculntoriiis, vagina) of the genital apparatus. 

The develripuient of tlie genital organs makus it evident thst the cavily of 
tlie genital glaiuls ia homologous witli the secondary body-cavity (or coelom). 
Its cellnlar lining thus correaponds to the peritoneal opitlielillni of the Annelida : 
ill lioth eaaea the gonita! prodncts become detached from this, fall into the 
Sfcondary body-carity, i.e., in Ptriputia the cavity of the genital glands, and 
pus ont of the body through the nephridia. That the cITerent ducts of the 
genital apparatus in Ptripalun are homologous with the nephridia cannot be 
doubted. This is not only proved by their manner of developing, but is also 
confirmed by the fact that in the American species t)ie nephridia are wanting 
in the sute|ieuultimate segnient. which canies the genital apertures, while they 
are Kgnlarly developed in the preceding segments and io the segment that 
rolIoWB (Oyfrnofi). 

Tlie tranBrormation of nephridia into efferent genital ducts snch as are found 
in Prr^iatu4 is of special interest, because at the continuity of the transformed 
itephridia with the genital glands, and Iwcaiue thin denionatratKi a similar 
morphological conttitation of the whole of the genital apparatus, snch as is 
met with in other Arthropoda. Tliia continuity tends to mask the nature of 
the efferent duola; their true character as nephridia can only be ascertaiupd 
with certainty from tiie study of their development. 



Another account of the origin of the Meaodenuibl Structnres. 

Tlie deacHption given by v. Kenkei. of the trausrurmatton of the primitive 
segments dilfers in some essential pointa from those of the English authors. 
Since those points are of great importance, they must be acpanlely discusHed. 

According to v. Kennel, besides the cell-growth which, in the form of a 
fold projecting from below, divides the segmental cavity into two s]>aoeB {Fig. 
100 S, p, 200), a second fold grows in from the inner wall of tlie cavity 
{Kg. 104 A), ao that the cavily is divided into three spaces which for a time 
are lu eomrauuicatiou (Fig. J04 A. I. II, ///). The dorso-median portion Itll) 
thra l>eoonies partitioned olf, und thia as well as the greater part of the lateral 
portion, which lies princi[>ally in the foot, is uaud up in providing elements 
* C/, on thia point the remarks on the anal glands, p. 207. 
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for tlia fornmiion of tli« irnwcle* onii the oouiiecti»e tiMue. The boiiniUri™ 
of the iMeiidocoele >rc thus fornied, the latter nritinf; iiu the whole in the \ny 
■Ireadf doscril>c'l by the wparatiou from udg auother of the prim&rjr gvnn- 
]tytn anil thu formation of caritie* in tlio inuaiTe ine«oiIermk1 ti««a<i, Ihr 
rnnaining liAces belonj^ng to the primitive seguienta oaturall; being tdded 
M thvir 1ioun<lu'7 walls break u|>, Tlie caiitinuity of the liuiog opitbelium 
ii only rataiDed in th« middle (r^utra!) portion (//) of the primitivB wginuit. 
This yields tlie fimnel of the neiihridinm (Fig. 
101 A-C, II), which, according to tbi« aoeoimt. 
u also Bcoordiug to the ststomtnta of B.vLTul'H 
and GAPmoiJ, is open towarda tlie adult bmly- 
cavil;. Tbia fuunel, of nieaodermal origin, ia 
joined bj s reatral invaginatioD of the ectoderm, 
which proceeda from the liaae of the foot aud 
gTDH-9 out like a tulw (Fig. 10* A-C, nt). 

Thus vhile Sedowick derirea the whole of 
the nephridium from the mcmderm, v. KlNJiCL 
tnuee the origin and the greater part of the 
iie|ihridium to the ecUiderm. In our (irevion* 
description we followed the accouuta of BAtJ'orii 
and GiFFROM, becauae, from rweorcbM made b; 
Be kub * tu coDuection with the Annelida, it 
liaa Income highly pralMble that the iie|ihtJdtB 
in thou animsU are formed entirely from the 
DicMidenn. 

Tbo derivation of the nepbridjal canal ttvm 

th« ectoderm luuit aira affect v. Kknxkl's view 

aa to t)iB formation uf the genital organa, wooc 

he too acknou'lcdgeil the efferani genila] dueti 

aa transfonuHl upphridia. Xot only the tamiiial 

[M>rtiou, hut the whole of the cRerant dneta ia 

therefore of ec^H]Frrllal origiu ; only a ahotl 

piece, connecting the ectodermal uteri and vaaa 

dc-fcrentiaHith the gi'nital glands ii yielded by the 

meeodermil ncphridial faunel (Fig. 10& A-C, ml). 

From this, in the female, are jiroduccd the aeoat- 

atnicturcs of tlie uterus, A glanoe at Fig^ 

A-C makes this clear. The fenwU hi 

narae-xatandiar has a pair«d rcoqitaaaluin 

•crainia, and in the Anierioan ■peoiea a jaini 

receptaoulum ovoruni ai well, which 0[*ns 

tiBtwceu tlie former and the ovary, and eloae 

.Iter, into the uterus. Thn«e aeranury 

a are not found in the feiuala in 
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Tlie fMiired rfi^ptaeulnm aemM» UJbn 

follows : — Each of the two ut«ri laftkcs 

tharp bend behind the otu;, bo tfa&t 

der Anneliden, ThtJl L-> 



liryotiHiir 

, «.i. r. 



at one point tlie ascending and descending portions approacli ench 
other. Ab the bent part widens at tlie same time, fusion and 
perforation of the wall of the uterus takes place, so that the parts 
of the uterus in front of and behiuii the bend enter into direct com- 
munication. From this point, however, two canals lead into the 
widened portion of the uterus, which has thus become vesicular, 
and forms the receptaculum semtnis. 

The receplacidiivi ovorum arises between the receptaculum seminis 
and the ovary as a hemia-Iike outgrowth of tlie uterus (ot oviduct). 
When this has attiined a certain size, the epithelium at its point 
(H said to rupture (v. Kknnel), the so-called ovarial funnel of 
Gapfkon thus arising. This funnel, however, is not, as this author 
assumes, open towards the body- 
cavity, but remains covered by the 
connective tissue which invests the 
uterus (v. Kbbkbi.), 

Tlieae points aecni to re<iiiire la-inveati- 
gation. In the tnitantiinG, Sedo wick's 
4!onJMiiiirB tliBt the receptaculum ovorum 
corruponda to the termiiinl sac of tbe 
uephridiuro of the genital segment seems to 



v. Kbknkl agrees with Sedowicic as to 
lb« form*tioD of the genital glands in so Tar 
rm he slso derives them from the dorso- 
median jxirtlon of the primitive segments, 
Imt, if wo underatund him rightly, ho 
thinks that the dorsal portions of tniiy Imo 
jrriinUive »cgntcnl», viz., those beloDging to 
the ^nital segments, take part iu the 
process ; these remaiu united nith the 
Uttral jmrtionB (Fig. 105 A-C), la Skimiwick 
also showed. 

Qtineral Considerations. 

The possession of tracheae and seg- 
mentally arranged nephridia brings 
Peripaiut into relation with the 
Arthropoda on the one hand and the 
Annelida on the other. In addition 
to these two principal characters, 
Perifotits has a number of other 




rtixl lungtuUoii). 
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OXTCHOPHORA 



with thee© two divisioiu, Bome of tliese occurring 



features ii 

ID its ontogeny. 

Althouf^h thp eggs of some epeciea of Peripatiis have little, or even 
no yolk, it is highly prohahle that they itre to be traced back to eggs 
rich in yolk, like those of P. Tiovae-zealamtiae.* These undergo 
BUperficial cleavage and become covered with & blastoderm, ond thus 
resemble the eggs of the mtyority of Arthropods. The long, elit-like 
blastopore whith, in closing, leaves the oral and anal apertures, finds 
its homologue among the Insecta. The fumiation of the genn-Iayera 
can also be compared with processes found among the Insecta or the 
Crustacea, but in the development of tlie mesoderm -bands from 
the edge of the blastopore and their gradual shifting forwards, and 
in the nature of the eegmentAtion of these bands, we find an agrc»- 
mcnt with the Annelida. The same is true with regard to the 
form of the germ-hand;, which is, of course, largely determined 
by the nature of the mesoderm -bands. Balfol'b pointed out the 
great eimitarity between the germ-bonds of Peripalu» and those of 
the Myriopoda and the Arachnids {e.ij., Qeophiiuf, Srorpio, Agaiaia), 
which is shown in the form of the limb-rudiments, and especially 
in that of the cephalic lobes. But we must remember that the 
formation of such germ-bands was first introduced in the ^Utnelida 
(Olioofhaeta, Birudinea). 

The great development of the brain and the poMossion of limbs 
produces again a greater reaemblance to the Arthropodn. This 
resemblance finds further expression in the union of several segments 
to form the head, and in the transformation of their appendagM 
(limbe) into mouth-|mrts. The inclusion of one or more trunk- 
segments in the head lins indeed, been stated for the Annelida, but 
thcAC segments nre never k* radically transformed os in the Artbro- 
jiocln and in Prfijmlu*. Such agreement suggests the question 
whether the cephalic segments of the Onychophora and those of 
the Atthropoda may not b« homologous, but we are hec« met 
with difficulties, the number of the segments involved in the 
formation of the head differing in the two groups, and the relation 
of the segments t; cncli other also varying. The latter finds it« 
expression in the composition of the brain. In Pmpahu the 
ganglia of the maxillarj' segment arc included in the formation 
of the brain, which is not the case in the Myriopoda and Inaecta. 
The jaws of Perij>aiut cannot, therefore, bo homol^^ised with the 

fVor Wu-LBV'b coacliuioDt (App. to tAt. ou Onychophora, S«. IL] see 
•"*—. pp. 1«S tad 21iJ.— E11.J 



mandibles of the Insecta, but this condition in Penpatus recalls a 
similar feature in the Crustacea, in which the ganglia of the second 
antennae are incorporated in the brain. The second antennae of 
the Crustacea may thus better t)e compared with the jaws of 
Peripaius. Then, however, the question arises, wiiether a segment 
has not been lost in the Insecta. This point can only be fully 
discussed later on (ch. xxviii.). Our view of the antenna- bearing 
segment, and of ite relation to that of tlie Crustacea or of the air- 
breathing Arthropoda on the one henJ, and to the cephalic segment 
of the Annelida on the other, has already been stated (p. 186), and 
to this we must refer the reader, We must, however, point out 
that, in the transformation of the anterior limbs into mouth-parta, 
PertpaliM approaches the Artbropoda and is removed from the 
Annelida, tn which the jaws are mere cuticular developments of 
the stomodaeum. 

There can be no doubt that, by the development of limbs armed 
with claws, Peripa/us is in advance of the Annelida ; on the 
other hand, the limba are without the segmentation characteristic 
of the Arthropoda; the lateral i>osition of the feet also seems a more 
primitive character inclining towards the Annelida, this character, 
together with the Iiomonomous segmentation of the body, giving 
Peripatu$ a wormdiko appearance. Another point of resemblance 
to the Annelida is found iti the cruial glands, wliich have no doubt 
rightly been traced liack to the glandular sacs (setiimrous glands) 
of the Annelidan pamixnUa (Balfocr), The crural glands are 
found again in the higher Tracbeata, altlioiigh in these transformed 
nephridia (coxal glands) have repeatedly been held to be tbe homo- 
logues of the crural glands of Peripatus. The passage of the 
primitive segments into the limbs, which is so characteristic of 
Peiipatu*, recurs, though not to such a great extent, in the 
Myriopoda, the lower Insects, and the Arachnida. 

When the mesoderm-bands first appear and break up into 
segroeuts, their wide extension brings about a great resemblance 
between the embryo of Peripalitt and the Annelida, tliough it 
must not bo forgotten that this similarity is greatest just in tlie 
species in which the yolk is most reduced, and which we must 
therefore assume show a derived comlition (African and American 
species).* With regard to tbe development of the mesoderm, 
Peripatus showa, on the whole, a greater resemblance to the 
Arthropoda, if the musculature and the segmental repetition ol 
" [See footnote, p. 1S5.— En.] 



tho nephriJia are left out cpf accouat. The musclea, with the 
exception of those of the juw, show no trftnaverse atriation. They 
form a denuo-uiuacular tube ccmposed of several layers of diaffonal 
anil longitudinal fibres arranged in symmetrically distributed bands. 
Here we have features whieh recall the .Annelida far more than 
the Arthropoda, in which the (lerino-muscular tul>e breaks uji into 
sejMiratc groups of muscles distributed in a definite manner. The 
body-cavity, on the coiilmrj-, in its origin (as a iweudocoele), u 
well OS in its tiual development, is altogether Arthropodan in 
character. This is also the ease with the dorsal vessel, which is 
connected by oatia with the (lericardium, and thus with the pseudo- 
coeli!, for the |)ericaii:lial sjiace is, as in the Arthropoda, a part of 
the paeudocoele, and is furmc-d on the whole in the same manner 
as that of the Arthropoda. The development of the body-cavity, 
and its division inti.) separate spaces in the embryo, may bft 
compared with what is found in the ontogeny of the Myriopoda 
and tliB Insecta, and may thus be regarded as an important point 
of agreement between Peripatiis and these forms (t.e., the Arthroiioda 
generally). 

Tho nephridia seemed to be a specially Btrong bond of union 
between Peripatut and the Annelida as long as we had to assume 
ihnt they opened, as in the latter, through a wide funnel into the 
body-covity (Balfour, Gapfhon), But since it has become known 
that they are closed by means of a vesicle towartb the adult body- 
cavity (Sedowick), although their segiucntal repetition still offers an 
im|>ortanl point of comparison with the Annelida, a still greater 
inclination towords the Arthropoiln is shown, the nephridia (antenna! 
and ah el I .glands) in the Crustacea having the same form.* This 
similarity of structure renders it probable that the nephridia of 
Peripalua are no longer ciliated t; if, however, the stalementt that 
have Ixsen made as to the presence of a ciliated epithelium in tb» 
nephridia that are transformed in tho eOerent gonitol duels X should 
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& liiin-vallcd remDaut u[ tlis (hmIuiii, hamolnfl 
with tliat of an Annelid, vitli wliicli the uepbridium conmiunicatra \iy • tlii._ 
waited funael. The bodv-cavity of tho adult I'eripatut \» a pwudocwile lik» 
that of other Arthropodal with wliich we ahould ccrtaiuly not exp«'t to find the 
ntjihridia «oininunlcatinK- The nephridia of ftrijuiiui arc gpcciatly int w f ting 
■ineB Ibey appMr to comtiiue certain Artliri>|iodan fvalurei (tho oorlomic md-MCI 
will] Dthun only niit with in tlie AniiBlida (scgmeatat r«i«litioo and markad 
tUnuoI).— En.] 

t We hare nnl Iw*ii hW» tii Rui) any definite atattmeuli ai to Uw ]«Mmca or 
ahunco i>r cilia tn tliri ii<]>liridia <tt Pfripalia. 

I GArrnoK deecribet aucl Dg^irte a thickly ciliated epithcUntn lining tlie naa 
defcrentia. 



GENEEUL cossidebahoks. 

prove correct, this fact would furniBh another Annelidan characteristic 
(or Peri2iatuft. 

The nephridia in Peripatus, as in the Asnehdo, are utilised as 
efferent ducts of the genital organs. The genital products here, as 
there, arise in the wall of the secondary body-cavity (which, 
in Peilpalu*, is very much circumscribed), and pass from it into 
the funnel of the nei^hridium. At this point, however, the develop- 
ment of Peripaltis seems onee more to bring it near to the 
Artkropoda. The ducts unite with the genital glands to form 
one whole, a condition which, indeed, lias already been met with 
in various divisions of the Annelida. 

The structure of the eyes in PsripatiM and their mode of origin 
show no connection with tlie organisation of the Arthropoda, but, 
on the contrary, agree very closely with that of the Annelida. 
The eyes closely resemble the eyes of the Alciopinae. Further, 
in comparing Peripntus with the Myriopoda, the absence of 
Malpighiao vessels, or, indeed, of any trace of such organs, is a 
striking peculiarity. 

In forming a comprehensive judgment of the anatomical and 
ontogenetic relationships of Perlpatus, we have to admit that it 
unites Annelidan with Arthropodan characters, but that the lattei 
preponderate ; not only in its external form, but in its inner 
organisation, does Peripatue appear far more like an Arthropod 
than an Annelid. Phylogenetically, Peripafug may well bo con- 
sidered as an intermediate form in a aeries beginning with the 
Annelida and ending with the lusecta, although this does not, of 
course, imply that Peripalut is actually to be regarded as the 
ancestor of the Jlyriopoda and the Insecta. 

Another peculiarity, worthy of note from an ontogenetic point 
of view, is the late appearance of the tracheae, the origin of which 
has not so far been otiserved even in the oldest embryos, and the 
interpretation of which is rendered appreciably more difficult by out 
ignorance of their formation. We can hardly err in tracing them 
back to ectodermal invaginations, and it therefore seems probable 
that they are to be derived from modified integumental glands, 
or, still better, from respiratory portions of the body-covering. 
Whether we may, from the absence of observations on this point, 
conclude that the tracheae actually appear very late, or whether we 
must consider that they have been overlooked, does not appear 
very certain, but we are inclined to adopt the first of these views, 
and to explain the late ontogenetic appearance of the tracheae by 
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thoir Iat« phylogenetic ac^iiiaition. The irro^'ular <.listribiition of 
the tracheae in Peripaiuf, as contnisted with iheir regulnr nrrange- 
ment in the liiglior TrachcntA, eeeuis to indicaUt a lower condi- 
tion of the tracheal aystem, and tliua confirms the view that it is 
newly acquired, and found, in Peripalun, to a certain extent in ita 
iaitial stage.* 
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MYRIOPODA. 

Systematic : — 

I. Chilopoda, with a dorso-ventrally comjiressed body, two jxiire 
of maxillae, and one pair of maxi Hi pedes ; with one pair of limbs 
on each body-segnient ; genital aperture on the penultimate segment. 

OeopkHwt, Lilkobius, Seolopemira, Sriiligera. 

II. SvuPHTLA, small delicate forms with only twelve segments, 
to each of which is added an intermediate segment; with twolvo 
pairs of limbs on the principal segments ; with one pair of maxillM, 
without maxillipedes ; genital aperture on the fourth segment : a 
single pair of branching tracheae opening on the head ; at the 
posterior end, two slylet-like processes (cerci). 

tkolopem livlla. 

IIL Pauropoda, small delicate forms with twelve body-segmenti^ 
nine of which only carry limbs ; with one pair of maxillae ; without 
maxillipedes ; characterised by the possession of three long flagellae 
on the antennae ; paired genital apertures situated at the base of 
the second [lair of legs ; tracheae not known. 

Pavropiu. 

IV. DtPLOPODA (Chiloonath*),* with cylindrical body; with 
one pair of maxillae (gnathouhilarium), witliout maxillifiedes ; the 
fifth and 8UbB0<|ueiit segrnente are double, each canying two ]iairB 
of limbs; genital a^ierturo between the second and third p«irs of 
limbs, 

Pofi/iKnUJ', Glomei-it, Polyletmu*, Strotiyylonoiiia, Juliu. 

Orfposition uid the Oonatitution of the Sfg. 

The eggs of the Diplopoda are usually laid in large nunihen, 

enclosed in an earllien nest formed by the female, by whom they 

are watclied for a long time, often until tlie young ore hatched. 

* IPocoi'K niMivlilM the Diplo|KK]a iuto the PiwUphugtiatli*, contaliitOR tlia 
•ioHli' buiily folgrmiHiie, uiil tliK Chilogiutlift. For recent vicwi on reUtioii- 
*hti>of thcChilowdastid lh« Diplopoda, wo (uotnulc at the god of thi* ehapUr. 
— ED-l 
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Tiie nests are found in the damp earth under stones, tlie bark of 
trees etc The eggs within them may he glued togetliet into large 
clumps (Jiilue) Tlie Poljj.viidae eiirrouud the heaps of eggs with 
a thick envelopo formed from their own hair Glomerig lays its 
eggs singly and at wide intervals each egg is surrounded by the 
female wilh a special capsule formed out of earth moibtened 1 y a 
glandidar secretion * 

It has been stated that M;ipirous forms OLCiir among the Scola- 
penrlrtdae but on the other hand some of these animals have 
also been observed to laj eg^s in large clusters In tbLse latter 
cases it was found that the e^^s are taken i.aie of b\ tlie female 




3. 109.— Swtionn 
orniatitni gt Ilia 
■iinrmiirlfd vllh 

which rolk Jtaelf spirally round tbem and remains immovable until 
tile young are hatched, Lithubiu» lays its sticky eggs oue at a lime 
and rolls them in the soil until they become coated with earth. 

The eggs, which are usuaJl}' spherical, seldom oval, are very rich 
in yolk. Tliey are surrounded by a vitelline membrane and another 
structureless but firmer envelope, the chorion, which is apparently 
secreted by the genital ducts. 

* Statcmenta of a more dBtailad nature ta to tlic tinia and modo of layins 
tbe eggs in the Dip1o[iaila are to be found in the oidor works of Newpout and 
Fabrk, «nd more eapeciAll}^ in two treatioea by 0. v. Kath (Noa, Id ftiid 17). 
Farther Mconntd of lUo laying of tlie etop snJ the care of tlie brood 
by Latzkl (No, 10) in his description ofdilTerent ipeaiea of Mjriopodi 
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MTBIOPODA. 



1, Cleavage and Formation of the Oerm-Iayeis. 

The cleavage of the Slyriopodan egg has rcpentejiy lieen described 
as total, but deserves this deaignatiou even leas tlimi, for example, 
the eggs of the Araneae. The egg, it is true, shows a number of 
segments, which at first is not large, bitt increases later, and these 
produce the appearance of division into more or less sharply marked 
blastomeres, but this appearance is not the expression of total 
cleavage in the strict meaning of the term, and only sriees some 
time after the division of the cleavage-nucleus and its descendants 
inside the egg. 

3i. 
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The olwrage of tlie external iurfoce of the egg i\oes tint apjH^ar to take place 
JD ftll MyriopoiliiD eggs, Heathl'otb, for iiutnuce, pointa out epwiially. in 
connection with the Julia terreUna, Leach, that no outward segrneulaiioii 
is to be oIiBerved iti thi» form, although Metbcomkoff, in another ipeciw 
of Jiilva {J. MorelUUi, Lncas), carefully describvit and figured the svginentation 
of the anrface of the egg. The absence of tliia external deavage in other 
apeciea ia iwrhapa to bo accounted for hy the glent abundance of yolk in Ihtae 

The clenvage-nuclens lies, surrounded by a mass of protoplasm, in 
the centre of the egg, It here divides first into two, and these s< 
increase by further division, so that many nuclei, each surrounded 
with an area of protoplasm, are found at this stage in the centre of 




the egg (Fig. lOG A). Only after thia has taken place do the 
separate isell-oreas become marked oEf from one another (Fig. 106 B), 
and thus produce the appearance of total cleavage mentioned above, 
Wb may assume that some of the central nuclei had already shifted 
towards the periphery, and that the cleavage of the egg is a con- 
sequence of thia. It is probable that the yolk-pyraniids which 
are bounded by the furrows are provided with nuclei, although it 
has been impoasible up to the present time to prove this with 
certainty. Sooraff asaumes that the nuclei belonging to the pyra- 
mids lie at their tips, and are tlierefore not far removed from the 
central nuclei. The yolk-pyraniids are not completely marked off 
from one another, but are connected at the centre of the egg where 
the central nuclei lie (Fig. 106 B). 

After the cleavage of the yolk has taken place, a migration of the 
central nuclei towards the periphery occurs. The nuclei force their 
way into the yolk-pyramids, 
the number of which has **■ 

increased, and shift towards 
the periphery of the egg 
(Fig, lOT). Judging from 
Sogbaff's figures, this migra- 
tion aeems to take place chicHy 
along the boundaries of the 
yolk-pyramida (Fig. 107 A). 
Beaching the surface of the 
egg, the nuclei at first are 
not evenly distributed, but 
arranged in groups (Metscs- 

KIKOFF, SOQBAPF, HbATHCOIE), 

but later they form a con* 
tinuous layer of cell^, the 
blastoderm. The latter de- 
velops (irat on the ventral 

surface (Fig. 107 D), where the cells divided more quickly, and 
consequently become smaller, and proceeds from thia to the dorsal 
surface, where, until now, the cells were still arranged in groups 
(Fig. 107 B, gr). The yolk-pyranaida remain distinct until some 
time after the (oriuation of the blastoderm. 

Most authors agree in assuming that in the formation of the 
blastoderm a large proportion of the nuclei remain within the egg, 
perhaps in the yolk-pyramids. This cell-material represents for the 




ID. Ida.— Beclion through nn r'nibrYO ot Jului 
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most [lact the enUxleriu, but is also said to take jmrt in tha fonantion 
of the mesoderm (Soobafp, Heatecote). Tlis latter arises partly as 
a cell-growth which takes place in the ventro-mtMlian portion of 
the blastodemt. There arises in this region a thickening of the 
blastoderm projecting inwaid in the shape of a ke«l (Fig. 108), in 
the formation of which cells an said to take part thai migrate from 
the inner part of the egg and become applied to the thickening 
(Heatscote, Soorafp). Thia thickening is at first median, bnt 
divides later into two lateral bnnds (the mesoderm-bands), which 
then break np into segments containing cavities. 




lanHltadlMl union. 



ttlxatM 



As] a longitudinal furrow appeared early in the ventral middia 
line, the formation of tlie germ-bands in the Myriopoda might be 
interpreted in the Mme way as in Perijiatiu, i.e., the furrow mifiht 
be regarded as an indication of gastrulntion, especially as the mouU) 
and the anus appear at its anterior and posterior ends. 

This Ti«w, ioJocd, i« in oiipositioii to the itAteoients rrgsrding Ihc origin of 
lb* (Btodenn btm Dells wbich hare nmsintd in the yolk, but wi i 
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that aitnilar statements have 1i«en mado in connection with the Insects, nhicb 
Uter research hoi not conGmied, mid, moroovcr, the ontogeny of tlie Mj^riopoda 
has not yet been eihauitivelj invesCigated , bo that nothing definite ia knonn u 
to the relation of this farrow to the formation of the genn-Iajera.* 

Tho cleavaf^e and tlie furntatioD of the geim-layeni in the Uyrioixxla has been 
investigated b; Metschnikoff in various Diplopoda {StTonffgUmma, Folydamus, 
Potffxenus, and Juliia, No. 11), as well as in the Chilopoda {Oeophilua, No, 13} ; 
the Ust-named form has also been invostigated by Soobaff (Nos, 19 and 20), 
irhilo HEATliroTE has re -investigated Jultii (No. 7)- Tlie earliest observations 
ore those of Mktschs'IKoff, but these unfortunately were made without the 
assistance of sections. Soubaff's treatise being in Russian liru remained to 
a curtain extent inaccessible to as, and the descriptioos of Heatmcote are 
not very satisfactory, Besides these there is a treatise by Steckbb on the 
early develoi>ment in the Myriojioda (No. 21). The results obtained by this 
author are, as Balfoub pointed out, in alisolute contradiction to what is 
otherwise known of the ontogeny of the Myriopods. Tliis author found do 
free yolk, and observed a blastula giving rise to an iiivagination-gsstrala with a 
wide archenterou. It has been conjectured by Soukaff (No. IS), that Stbckbb 
mistook Gastropod eggs for the eggs of Uyriopoda, but this hardly apjiears 
possible when we consider Stacker's doflnite statements as ti the species 
examined by him and liLs description of their later stages. Further investiga. 
tions of the genera eiamined by STEfKKK liave led to totally dill'trent resttlta, 
which justify us in regarding Steckbo'h account as unreliable and inadmissible 
in our account oF the ontogeny of the Myrioi>ada. 

2. The Development of the External Form of the Body. 
A. Chilopoda. 

Aa has already lieen mentioned, tlie development of the blastoilerm 
is firat completed on the ventral side of the e^', from whence it 
spreads later to the dorsal side (Fig. 107 B). This ventral blastoderm 
consists of email cella, and here the rudiment of the genu-banii 
appears, its cephalic lobes being first visible (Fig. 1 09, !cl). I'osteriorly 
no dilTerentiation can be observed, the rudiment of the germ-band 
there fading away into the undifferentiated blBstoderm, whii^h hoa 
not yet completely surrounded the egg. The rudiments of the 
antennae appear early at the posterior boundary of this first 
recognisable EOgraent of the germ-bnnd, the cephalic lobes (Fig. 
109, B and C, at). The next segment to appear belongs to the 
mandibles, and then follow the segments of the Uvo pairs of 
mnxillae and the maxillipedes (Fig. 110, md-nip). The limba and 
segmente generally develop in regular order from before backward, 
as can be clearly made out from Figs. 109 C, 110 and 111. 

According to Sooraff, the anus forma very early in Geoji/iiltui 



' [Eeymons (App. to Lit. 
l{»»trula-groove in ScolofieiidTd 
yolt-cella and by s budding o: 



on ht^io]>oda, Ko. III.) states that thei'e is no 
; lie finds that the entoderm forms lioth from the 
of cella from all parts of the blastodenu, — En.] 
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(Fig. 109 B, a). The mouth, on the contrary, is ettid to niipcAr 
only at a later stage. It can be eeen ns an inrngination hotweeo 
the cephalic lobes when five segments have developed. 

It b dillii^iilt to ucert&in from the dtscriptiooa giTen whether tbg otml 
iuv>lpnatiDa lies in front of the Bntcmiae ; this ia certainly iuiliuted io Fig. 
Ill of a OiuiihUut ambryo, vh:l<i in other Ogurcs (f-if., Fig. 110) it t» not 




m; iLii, MalpUibUn »h«1 
■u„Bntui>lH - 

P. 1*B>. I'll Pi. ■Hwnit* <■( Um Ont Svo pain af lifi; r, tnMI lusKllsilnial paoM. 
t, Utf launl put* of Iht fnriD-taiidi oliich iIkuIt itio" urucBliUoB: < nudal to**. 
■I. palnd rwlfnnt of tbi bxrar Hp- 

criilrnt. In thin Uttn figure, which re|>na«Dt« ui earlier atapi than I'ig. Ill, 
the aiiteiinad rather lie in boat of the mouth, but an«tlicr einnimitaneo nlll 
to W (Incribal in connection with the formation of the organs indicaUa that 
tbr cuiiilitinn liire r«*enibl(« that in Ptripalm, aiul that the UUBoh bra 
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here, perhaps, as there, the character of nost-oral limbs. The ilitferenoe in the 
Iiosition of the anteonae in th« tvro embryos may, perbain, he sxplaiued by 
iniaK>niug a ehango both at the time aud tbi! plate or their apiwarauce, such as 
is oecaaionally found io cither embryonic rudiments. 

In the BTubryo of Otophitua clepicled in Fin. Ul, behind tlie oral ajiertuTO, 
two somewlml larg« prominences {ill) can Iw seen, resembling a jinir of limbs. 




'lo. Ul— Two oinbtyoi 
at tbc rolk and lun ibowi the dom 
riiibrjoftt tb« lUge depleted in Gate* 
u. aniu : ar, mutenui ; d, yolk ; kl, i^ephftlic lob 
inllillu; mp, iiiuilllpolH; mv, mouth^pirti ; 



,l,ltg": 



but lying in front of the mandibles. Soobaff calls thrae etnictures the lower 
lip, but it is not clear nliether he actually considers thrni to be linibs, and to 
what part of the adult he refci-s them. I^c maulli*i>arta known to lus in the 
Chilo|H)Ja only dorelop behind these, as a1 really seen (Fi^. 109-111). Similar 
structures met witli in tlie Insccta are not regarJed as limbs, but m a loner 
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Ill the middle of tlic germ-band a shallow furrow ainienrs (Fig. 
109 C) extending from the mouth to the anus, tlie two nperturas 
marking tho ends of the furrow (Sogiupf). This furrow, which 
sooa disapiwars, naturally invitea comparisoa with the long slit-like 
hlustoporc of Peripahis on account of ita correspond tng jiOBition and 
relation to the mouth and anue (<-/. pp. 175 and 222). 

Somewhat Inter, on each side of tho middle line, the rudimenta 
of the ganglionic chain appear as thiukeninga of the ectoderm al«o 
separated by a median furrow ^Fig. Ill, ttr). This furrow, lioweTcr, 
must not be confounded with the furrow just mentioned, which 
has disappeared before the formation of the groove now under 
consideration. 

So far the germ-band of O^ophilus, witli its numerous segments, 
has developed from before backward, and extend.s with a dorsal 
curvature round the greater |»art of the jolk-maaa (Fig. 112 A). 
The posterior end at a some- 
what later stage grows even 
further up on to tho dorml side, 
BO OS to approach still morn 
nearly tho cephalic lol)ca, as 
may be seen in Fig. 112 Zf. 
Now, however, a change takes 
place, a transverse ventral fur- 
row a Pleating in the region 
of the twentieth segment. This 
furrow deepens considrmhly 
(Fig. 113), and finally canseslhft 
curvature of tho embrjo to 
completely from a dorsal 
to a ventral flexure (Fig. 114), 
W.'Il^-bilJ.r""'''™' '""''' ■""""'"' Tliis causes the |x»terior end 
of the body to separate fruta 
Uic cephalic lobes, and consctjiieiitly the dorsal surface, which w« 
formerly much shortened, now undergoes extonsion (Figs. 112 B, 
113 and IH). The ventral surface of the posterior half of the 
Ixidy now lies exactly opposite to, and jiarallel with, thi.- anleriot 
half (Fig. 114), so that the tips of tho extremities of the one lialf 
touch those of the other, and this flexure of the embrjo again leads 
to the approximation of tlte caudal and cephalic lobca (Fig. 114, 
kt and ft). 

Up to this point the actual embryo^ as the germ-liaud, has rematned 




A«r 
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distinct from the yoik-mass upon which it lay, as is evident from a 
glttnce at Fige. 109-113. The germ-band now, however, extends 
laterally and grovs round the sides of the yolk-mass, so that the 
dorsal surface of the embryo begins to develop, and its segmentatiott 
commences (Fig. 115). At the same time the two halves of the 
body that lie parallel lo one another lengthen, and approuch more 
and more the final shape, although still showing the ventral curvature 
(Fig. 115). 

A cuticle was secreted at the surface of the embryo at un earlier 
atage. Wlien the embryo assumed the ventral curve, the cuticia 
did not follow that curvature, but bridged it over, and thus 
remained somewhat separate from the body. In later stages, the 
body, as well as the anl«rior limbs, is found sheathed in this cuticle. 
The mature embryo is still envelopeil in it, and it is only east off 
after the egg- shell 
(Fig. 115, eh) has 
split as the first lai^ 
val tnt«gumcnt. In 
the Geophitut inves- 
tigated by Mbtsch- 
KIKOPF, a tooth is 
found on the cuticle 
covering the second 
maxilla (Figs. 114 
and 115, e^), this.ac- 
cording to Mbtsch- 
NIKOFF, is nscd for 
splitting the e^'g- 
envelope, and is cast 
off with the cuticle. 
We thus have here 
a recurrence of the 
structure known as 
the egg-tooth in the 
Araneae (p. 58). The provisional cuticle in any case corresponds 
to the envelope formed in other Myriopoda at a still earlier stage 
wluch Burroimds the embtyo in the same way as do the blastodermic 
cuticle, or the deutovum-merabronc of the Acorina (c/, pp. 97 and 234). 

The embryo splits the egg-shell (Fig, IIG, eh) at an early stage of 
development It still retains the ventral curvature and is 8U^ 
rtiinded by the provisional cuticle. It continues to grow in length 
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8t the expense of tho yulk nov accumulated in the enteroD, this 
growth in lengtli proceeding as before, by the formation of new 
segments from the still undifferentiated cnudal lobe (rf. Figs. 113- 
115). The antennae ore now distinctly segmented (Fig. 115, of), 
and tho mouth-parts are approaching the adult form, but tho olh«r 
limbs are still simple and truncated. At a stage somewhat laUf 
than that depicted in Fig. 115, when llie embryo has thrown off 
the provisional cuticle, Metschnikokf observed the first movements, 
which consisted of slow extension and flexion of the bwly. 
MBTsOBNiKOfF points out that, in these movements, the extremities 
might bettor be compared with the ventral cirri of many Annelids 
tbaD with the rapidly moving limbs of the Myriopodo. 




a. lit.— KmbOTD of CtefAlliii >IUr tlM •pIlttliiK at Ibi •uX'ihotl (ft). Tbc *i 
,un !• «ttll nUiiicd UlUt MwnaiyiKrut). a, uua : ai. uiUnu : d. jvik -. tt, •! 
II, tfR-looth DB Ui« Mcuod nuiiUlii r> bnln : ■•■, luouUi-puti: p, ltg>i il, owl 



Throughout the course of development that we have followed, ths 
body of the embr)'o has beeu cylindrical, and it retains this chnpe 
for a time after it has hatched. It thus resembles in form a 
Diplnpod, until the dorso-ventral flattening of the body cbutcter- 
istic of the ChiloiKMla takes place. At the sUge uf hatching, when 
the '' larval integiunent " is cast, (Jeojihilu* is said to possess all iU 
limbs, although these are still truncated (Fig. 115) and do not 
enable it to move with freedom. The young Chilopod probfthlf 
|iMs«8 through several moults before attaining the cumplete form 
ud aiio of the mother, although when batched il bean a attoag 
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genernl resemblance to the latter. This is also the caee in the 
Senlopendi'idae, whereas, in the ScHtujoridae and the Lithohiidae, 
the embryos leave the egg with only seven pairs of legs (not taking 
into account the maxillipedes). The number of legs is completed 
during post-emhryonic development. But since the young animals 
in those cases also possess essentially the form of the mother, their 
post-embryonic development, accomplished through Beveral niouite, 
ia fairly simple. The Chilopoda have been divided according to 
this distinction in the manner of their development into Chilopoda 
epimorpha (Scolopeiidrulae, Oeopkitiifae) and Chilopoda annmorpha 
(Saiti(ieridae, Lithobiiilae). 

B. Diplopoda. 

The embryos of those Diplopodn whose ontogeny has as yet been 
investigated (Polyxenui, Glomeris, Poli/demnits, Strongylowma, Jultis), 
leave the e(^-envelope at a stage when only comparatively few 
segments are developed and witli only three well-developed pairs 
of legs (Figs. 121 li, p. 235, and 122, p. 337). As contrasted with 
the Chilopoda, which possess a large number of segments when 
hatched, the young Diplopoda are thus comparatively far removed 
from the adult form. They have been distinguislicd as larvae, but 
it should be pointed out that, in those parte of the body that are 
developed, they already show the organisation of the adult. 

The Firat Budiment of the Emhrro. 
Flexure of the Germ-band. 
JuloB. The formation of the germ-band and the first rudiment of 
the embryo seem to appear in the sanae waj" as in Oeo^'hilug, but the 
gemt-lmnd does not in this case extend bo far over tlie egg, and does 
not, therefore, assume a marked dorsal flexure. When the cephalic 
lolics have appeared as rudiments, the stomodaeum lies between 
them and the proctodoeum, almost at the posterior end of the 
germ-band, and when, further, the [>ost-cephaltc segments have 
become marked off and show the rudiments of limbs, a transverse 
furrow appears between the sixth and seventh segments and soon 
deoiiens. This is the samo process as that which, in QeophUus, 
resulU in the transition from the dorsal to the ventral curvature 
(e/. Fig. 113). Since, however, the germ-band in Julua is amoll 
as compared with the mass of the whole egg, the former sinks 
into the yolk during this process (Fig. 116 A). The posterior and 
still undifferentiated portion of the germ-band now lies bent parallel 
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to the anterior portion, the ventral surfacea o( tlie oue half turned 
towards that of the other (Fig. 116 ^ and B). 

In the Chilopoda, we were able to trace the inward flexure of the 
germ-band to the fact that, during the original dorsal curvature 
of the long gemi-band which extends almost entirely round the 
egg, the development of the dorsal surface i^ not iiossible, and 
consequently the change to the ventral curvature takes place. In 
consequence of the length of the eubryo, the latter is obliged to 
assume a bent position within the egg. The j^'erm-liand of tho 
Diplopodo, however, ia ehort, and the dorsal surface might veiy 
well develop without the intervention of the ventral flexure. We 
nevertheless find the formative processes met with in the Chilopoda 
recurring in the Diplopoda, and t)ie conditions which, in the formor 
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case, were mechanically necessary for the development of the long 
embryo, are here perhajn mther adapted to the support of the 
embryo. It is also possible that the larger extent of eurfaee tlnu 
brought into contact with the yolk fncilitntes the nutrition of the 
embryo. The ventral flexure was thus retaineil, although it« primiUv« 
significance is lost. These processes are of special interest when 
compared with the sinking of the germ-lKitid into the yolk in 
Pfripal'i* (footnote, p. 216) aiid in the Insecta, 

lu Jultu the invagiiuition of the gpi-m-luiid uktt plkce only after tlie nidi- 
mvnta of thr uitrntiH, Iho nioalh-farts niiJ tlirrr jiairs iif 1^ h>vi ippMrn) 
(Fig lie^), Intiii Uif StrviffnliaoMa, /'uV»""'> ■!"' A''y>MM it woon >l ■ 
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vers earlj eU)^, the change Itoid the cotiditioa iu the Chilopoda, which U 
regarded bj as w the primitive ootid itioii, having aijraiiced atill funher than in 

Of tiiear genera, Strongi/loaoma hu been the bust investigated, and Met^ch- 
NisoFT husi shown that the flrat indication tt[ the genn-baud appeal's almost in 
the way that has been described. A transverse Tiirroiv, honerer, seems to appear 
vBty early, even berore a trace of limb-rudiments is visible. The furrow deepens 
OB ID Otopliiliia and Jiilui (Fig. 117 A), and here also leads to the ventral 
cnrvature of the gemi-baiid (Fig. 117 B). In Strongylosoma the germ-band 
does not sink in deep, bnt in Polyxmas it projects somewliat further into the 
jolk. We can also make out from Fig. 117 B, that thenhole of the germ-band 
does not sink into the yolk, ui the most anterior and posterior parts of it 
(cephalic ami caudal ends) still remain on tbe surface. This seems indicated 
in /<iZuj alio (Fig. US). 

! fniTow, Met.'^chn 



a observed a longitudinal 




Besides the ti 
groove extending 
far forward (and 
no doubt back- 
ward as well) aver 
the germ ■ band. 
This groove, 

Mtnewhat dt«p, 

that described by 
SooRAFi' in Oro- 
philia 03 appear- 
ing in early 8 tag«s, 
but it seems to be 
much more clis- 
tinot in Strongy- 
Itaomn tlian in 

The antennae 
•Dd month-parts 
very toon develop 
on the anterior, 

auiili portion of tlie germ-band, and the first pair of legs develop jiosteriorly. 
In this way a stage is reached similar to that attained by tiio Wilding of the 
germ-bond of Julia when already provided ivith iimb-rudiments. 

The fnrtlier Development of tlie £iiibT7o. 
Various taotora co-operate to bring nKmt the trnnstonuaiion of 
the ventrally flexed embryo, sunk in the yolk, into the adult form. 
By the growth of the germ-bnnd townrda the dorsal surface, and its 
simultaDeous est«naioii anteriorly and posteriorly, the yolk ia taken 
Up into the embryo. The ventral surfaces of the anterior and 
poaterior portions of the body, till now approximated, move apart, 
and the whole embryo, the dorsal surface of which has also iiow 
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developed, Irngthena somewhat, so that a stage resembling that 
depict«il in Fig. 118 is reached. 

The development of the limbs is the next point of importance. 
It is as difficult here, as in the CUilopoda, to ascertain with certainty 
the position of the antennae with reUtion to the luoulli. TI»e 
antennae, as in Oeoph!lu» {Figs. 114 ami 115), are specially hjghlf 
developed (Fig. 118, at). TIic niandiblea fiIso {md) arv very Ibi^ 
The radinients of tiie lunxillae are of s^iecifll importance. According 
to MiTSOUNiEOirp'a observations, which are conGmied by v. Rath, 
they arise out of a pair of limb-rudiments following the mandibles 
(Fig. 116, EiA), and are themselves immediately followed by tlie 
rudiments of the legs O'l'/'a)- 

The latwpretation of tlLo Honth-parts of the Hyriopod*. 
Wh«rtxu tliu CliilupiKU liuv» tiro ji>in of nuxillsr bdiI one \*xt of ntaiitti- 
pedea, tlio Di|>li>|-udu )HHa«iu< oiilf one pair of ni&xillwi, wliioli have unitiNl to 
form ■ lower lip. the gnutlKwIiilaiiuiii (Fig. 122, ^, p. 237), %.aA ponen nn 
■nucilUpiKln. The xtruclurc o( tlie ulult giuthochiUrinm seems to indintf 
tb4t it liM multeil fruiii llio fiitiioii of two pairs of muillao (Pig. ISO, 
mr, atid "U->)i *n't lltii Ti«v 
has rspeatedly bun adopleiL 
It is rcudt^red all I)i« more 
|irol«l>1e by tlin (act tliat 
tbs Chilopoda bare two 
piiraof maiillao (Fig. 119). 
TlisM two would W boino- 
tugotu witb [lie lirtt m 
snd lliv looor lip •>f t 
InsKcta. Although n 




an ai.nti.ption 
likely aud 

luu uol w (u baen mp- 
portcd by ontogeny, acMrd- 
{[)){ to nliioh. u iumti<rD«J 
alwre, tli» (j^atliachilarium 
U derii'cd from one pair 
of limlia only (Ubtscixi- 
KOFF, Ku. 11, r. lUTB, 
Ko. 15). Fnnhor uirMli- 

gation of thene JwlDt* il. 
iiidnd, very ilMinbU. Tbo 
stnictureoftboadultlnoutb- 
part*, bowevsr, •eema to leail to a eonctnaion directly nppnanl to the alxivg vw«r 
of the uompoaition of ibe gnatlioGluUrinni oat of two pain iif Java. Tha 
gvalbocliilariuiii uf tb# Dlptoi-xU (Fi^. 120), Uks the lint maillla* of Uie 
Chilopoda (Fig. 119, itm + »ic + mi], ii compnaed of several iiairod pteeea, and 
there i« therefore a certain BgtecniFnt between them. We nay thiu perlwia 
ooneludc that the vbole ut ibc gnatlioobilsriutu in homologous wiUi Uw flrM 
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jttir of maxillae of the ChiIn]M)ilii. Aoothor pair of limbs will then have lieen 
itniTii into the romution o( the moiith-parts in these (ormi, and ^^'i)l liare 
yielded the second TiiaiilUu. Tint such an iDcloBion of a pair of lBg« aiiionf; 
the n)onth-[urte ia not inadmissible in the Mjtiupoda ia shown by the change or 
the tirat pair of lega ia the Chilopoda into maxilli pedes. The second maxillae 
of the Chilopoda themselves do not esaentially differ from legs (Fig. 119, pi), 
nnd the fact that, in the Diplopoda, tlie Grst pair of lej^ tuny ahift to a position 
very near the liead (Fig. 122, b, p, S37), does not aeeiu inthnut signiDcance. 

According to this last v'levr, a cnmparison of the month-parts of tlie Uyriopoda 
with those of tlie Insvcta u'uiild suggest tliat the gnathochilarium of the 
Di|'l(>{)oda and the lirat maxilla of tlie Chilopoda shuuld be homologised only 
witli the first maxilla of the lusecta. The second mnxilU of the Chtlopodk 
and the fitst pair of legs of tlie Diplopoda, on the other liand, would correspond 
to the lover lip of the lusecta. The ertemal similarity of the plate.like 
gnathochilarinm to tlie lower lip of uianj Insects wonld be enplicable not 
through a direct homology hctween the two structures, but merely through 
the similarity of their functions. 

The moDth-parta are fully developed even during embryonic life, 
and therefore have attained their definite form wheu the young 
animal hatchea (v, Eath, Fig. 122). Three pairs of legs are at first 
developed in the hirva (Fig. 121 li), but these do not always apiiear 
to belong to three consecutive segments. Thns, in tlie larvae of 
Slrongylotoma and Poli/- 
tleg}iias (KigB. 121 B, and 
122), the segment eoming 
next but oue after tlie 
head carries no limbs ; nt 
in the larva of Jiitus, "" 
this is the case ii'ith the 
third segment (Newport), 
in keeping with the ^ 
abeence of limbs on that 
segment in the adult. 
The third pair of le^'S 
is follo«'ed by the rudi- 
mentfi of several other i^i. 
limbs, which, however, 
vary in luimber in the 

different forma. These _ _ 

limbs are at first truncated 

aod are hidden under the integumet)t, only appearing as free legs 
during poet-embryonic life. The number of segments has increased 
posteriorly, so that when hatched, th« hirva usually has from seven 
to nine trank-aegments, but the number of tliese also seems to vary 
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slightly in different forms. TIib segmentation is distinguisLable not 
merely, as in earlier stages, od the ventral surface, but is now 
continued towards the dorsal side (Fig. 118). When the larva ia 
hatched, its whole body is, aa a rule, distinctly segmented (Fig, 
121 B), though variations occnr in this respect. 

The embryonic envelope of the Diplopoda (and of the Myriopoda 
generally*) is a structureless cuticle secreted by the superficial 
ectoderm of the embryo. In Jitliu, ite secretion has already 
takeu place before the germ-band shows any signs of segmenta- 
tion. This meiabtano which, in its origin, closely resembles the 
blastodermic cuticle of the Crustacea, fomia a aac round the 
embryo and soon separates somewhat from the enrfnce of the latter. 
When the germ-hand attains its ventral flexure, a corresponding 
infolding appears in this envelope, which remains somewhat closely 
apposed to the ventral 
surface. The cuticle i* 
retained during the course 
of f rtlier development, 
and st II surrounds the 










htter emersea from 

e^\ shell. The newly- 

1 c i embryo of J«2h» 

oLijuence somewhat 

Us a maggot, as 

de t from Newport's 

1 1 ens and figures. 

T rva, surrounded by 

1 e embryonic envelope, 

s in a lower stage of 

development than other 

oiled toDguF-piiM ncwty-hatched Diplopode. 

The head is not distinctly 

marked off from the boily, 

nor are the segments fully 

developed, the germ-band not having fully extended over the dorsal 

surface. At this stage the larva is still incapable of movement, and 

may be described as a pupa. Beneath the pnpal iutectunsnt a 

* The etnliryonic int«giunent of the Cliilopodn, ncoording to ohBcrvation 
m«de on Oeophilus, allows the aune characters bi that of th« DiiJoiioda 
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second cuticiilar envelope ia said to rise from the boily. Tliia 
envelope is secreted after the ventral flexure has tnkon place 
(Hbathcote). Since the limbs were then developed, it no douht 
shows outgrowths correB]wiiding to the latter. 

The fact that two cuticulnr envelopes (besides the later cuticular 
covering of the body) fonn in Julu» seems to lie evident from 
IfBTscHNiKOfT's description, since confirmed by Hbathcote, but 
he does not throw much light on their nature. 

Tlie krtn or Juliu pasaea tlirougli ■ fflgtiiig stBRe witliin the pu[)al intpgumaut, 
uid finnllj I'eacbea the stnge at nliicb other Diplo]i<Hla leive the egg. The 
embrj-imio or jnijial euvelope, nhicii bu for sonio time heoouie quite wp&rat«d 
from the body, splits, itnd the Inrn uow for the first time becomes cajwble of 
free 




Fin. til.— Two laml itagn o( Sinmm'sKi 
Trrl-bnok). In A the larvi lo ■urronii'Ka by 
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'While, in /ufutt, the secretion of the cuticulnr embryonic envelope 
takes place specially early, in other forms it occurs lat^r, irhen the 
limbe have already appeared na rudiments, so that these become 
separately enshenlhed by it (Fig. 113, ch). Its chnractcr ns a larval 
envelope is thus more evident. In Stronijiflosoma a special larvul 
organ appears as a cephalic thickening of this envelope in the form 
of a chitinoua cone (Fig. 121 .4). According to Metbchsikoit, this 
serves for splitting t!ie egg-shell, and may thus bo described 
egg-tooth, like the corresponding organ in Genphiltu. This latter, 
indeed, belongs to a pair of limbs (Figs. 114 and 115, «), and ia 
thus not homologous with the unpaired egg-tooth of tlie Diplopoda, 
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wliitli, in form and position, mote nearly resembles the impaired 
egg-tooth met with in the Ujiiliones (p. 33), while the egg-tooth 
of Geophihi$ corresponilB iu position to the pninnl atmctiire described 
in connection with the Arancae (p. fi^). Structures (uni^tioning in 
this same way thus occur in the Arthropoda in very different 
positions. 

The eg(c-tooth is, in any case, cast off Inter with the larval cutlcl*. 
In tlie enibryo« of PtAt/de«TMu, which otherwise closely rewmble 
those of Sh-ongiflosoma, the egg-tooth is wanting (Fig. 1 18), no doubt 
because the egg-integument in this form is much thinner, and s 
special organ for splitting it is thus rendered unnecessary (Mktbob- 
nikoff). Julu» also has no egg-toolh. 

The larvae of Polydemntit and Slrortffylototiia in a similar way 
remain (though for a very short time) in the embryonic cnTelope 
(Figs. 118 and 121), and arc thus also at liret incapable of free 
movement. The pupal stage nf Poiijxenut, on the contrary, could 
not be discovered, and Gtomma also does not seem to pass through 
such a stage (vox KiTa). 

It need hardly lie pointed out how strongly the blastod«miie 
cuticle of the Crustacea, and still more the doutovum-mcmbnuie 
of the Acarina, are recalled by the cuticular integument of th« 
Myriopod embryo. The resemblance to thf deutovum- membrane 
is increased by the discovery in Polyxi-niu of free amoeboid cells, 
like the haemomoebae of the Acarinn (P'ig. 53, p. 09), outside 
the embryo and between it oad the t>gg-inl«gunient (or the cnticle, 
where this ia present) (METacnMKOfF). We must, however, reganl 
Ihia merely as an malogoui! condition. 

Foat«mbi7onlc Derelepmeut 
Stages of post-embryonic development arc represented even while 
Ute embryo is still enclosed within the cuticular envelope, for the 
embryo in many coses leaves the egg aurroundeil by this integumenlt 
and must lliurufore already be regarded oa a tnrvn, and the envelope 
na n larval integument (Fig. 121, p. '235). It has already been 
mentioned that the so-called larva of tlie Diplopoda, apart from 
the small number of its segments, does not differ greatly in fonb 
from the adult. Tlie jiosseasion of three ]iairs of legs brings about 
a striking resemblance to an Insect larva ; vom Rath poiiiU oat 
ee]>ecially ita resemblance to the young Podurid. This ia of courae 
merely an external resemblance, for, in the first place, the homology 
of the cephalic regions of the Insecta nnd the Myriopoila (in rapect 



of tlie number of BcgmcnU utilised in the formation of the hoad) is 
etill very doubtful (p. 232), and further, in the latter, one of the 
ftnterior trunk-segments, tieually the second, is, as a rule, devoid of 
extremities (Figs. 121 and 123), * so that the first three pairs of legs 
are distributed on tour segments, whereas the thorax of the Insecta, 
as is well known, consists of three segments, each possessing a pair 
of lirobe. 

The transform atioD of the larva into the adult, the so-called 
anamorphosis of the Diploprida, has been a frequent subject of 
investigation (Newport, Fabi^e, Bode, Latzel, vom Rath, and 
others). Variations oceur in ilifferent forms, but these are not of such 
importance as to require special 
attention from us. The most 
important features of the ]>ost- 
eiubryonic development are the 
addition of new segments and 
which the double 
iharacteristic of the 
Diploiioda originates, Tlie for- 
mation of new somites always 
takes place between ilie nnal 
segment and that liut developed 
(Latzel), and the formation of 
double segments is now proved 
to be due to the fusion of two 
of the originally distinct primi- 
tive segments (Hbathcotb). 

As already aieatioued, the six- 
limbod UrvA lias several other pairs 
ot I*!gs u nidimcuts benvath tlia 
inUgunient, Tho nunilwr of these 
varies in ditTerent forma. Tlie larva 
of Olonurii wheu bstuhed, behind 
the three interior well -developed 
pain of legs, hna Rve more pairs of 
tnincated, freely project; tig limbs 
(von Rath). Thus the Olavitrii 
Itrva, Khich is said not to pass 
tbnnigh a pnjial stage, corrcapoiids 

in thii respect to a stage of dcTelopmcnt a-ttained by other Diplopoda only 
after several raoulte. 

Ttie first tliree guirs of legs iu the krva of Poli/dttmia (Latzel, vok Batb] 
devoid of limbs both in the 
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are fouud on the first, third, and fourth trunk -segments (Fig. 122}.* Two trun- 
cated |)airs of legs lying below the integument belong to the fifth segment, and 
another i>air of the same kind to the sixth segment After ec<lyHiH these limbs 
project freely, and the stage with seven segments and three {Miirs of legs is 
followed by one with nine segments and six {lairs of legs. The next (thinl) 
stage has twelve segments and ten ( ^ ) or eleven ( 2 ) \ya\n of legs. The 
sixth segment now has one instead of two pairs, and the seventh segment of 
the female has two ])aira, while in the male it carries only one. The copulatory 
limbs of the male which lie on the seventh segment develop only in the adult. 
Tlie further development of segments and limbs is set forth in the following 
table : — 

Stage I. 7 segments 3 pairs of legs. 

>» 6 „ 



II. 


9 


HI. 


12 


IV. 


15 


V. 


17 


VI. 


18 


VII. 


19 


VIII. 


20 



10 „ (<?), 11(2). 
16 „ „ 17 „ 



if 

20 OQ 

26 „ „ 27 „ 

28 „ „ 29 „ 

»> «^0 „ „ 31 „ 

Sexual maturity is reached in the eighth stage, and is accompanie<l by the 
development of the c<»pulatory lim))s which usually belong to the seventh 
trunk-sfgment in the Diplopoda. A moult occurs between each stage. 

In the JuUiiar examine<l with 8i>ecial care by Xkwport in this connection, 
the courstr of development was, on the whole, similar to the aI>ove. On l»oth 
the fifth an<l sixth segments the larva has two tnmcated )Miirs of legs l>eneuth 
the integument, which, after the first moult, ap])ear as well-develoiied limbs. 
Through later moults each of the following segments also develo)i6 two ]Miirs of 
legs, and the number of segments increases from licfore backwartL 

In lK)th tlie larval and the adult condition of Slrongylosoma^ PolyiUsmut^ and 
Julns^ one of the four anterior segments is without limlm, this being the second 
segment in tlie first two genera, while in JvJas it is the third (Figs. 121 Ji and 
122). In roht.rnni$ this seems not to be the case ; the larva of this Diplo|iod 
ha.s at first only five tnink -segments (the anal segment included) and three {ttirs 
of logs attai'lu'd to the three anterior segments. In the next stage the nuniber 
of segments is the same, but another jtuir of legs ajijiears on the fourth segment 
(Ik>i>R . Thi^ last ])air is retained as a single {lair when, in the third stage, a 
|iair devi'lops on the newly-fonnc<l fifth segment, and during the moult which 
follows Huotlier iHiir is added on this last segment. During the eight stages 
IwnmhI through by this larva, three other segments, each provided with two pairs 
of Ieg«) (the sixth, seventh, and eighth), are adiled, the ninth segment, however, 
carries only one pair of limbs, while the segment lying in front of the anal 
segment is devoid of extremities (Ik>i)K, Latzki., vom Rath). It is charai^ter- 
istic of the terminal segment in the Diplo{ioda that no fusion takes place in it, 
and this is also the east^ with the four anterior segments (known as the thorax), 
and, apjtiirently, fusion is also absent in the genital segment 

0. Symphyla and Paoropoda. 

rp to thf prt'Hi-nt time, as far as we know, nothing is known of the embryonic 
development of thes«* Myriopoda which, on account of their minute size, are 

• [Sec footnote, p. 237.— Ed.] 
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rery difficult to exioiine. Tbe larvae of Paumpiu, like tliose of the Diplo|>oda, 
have U Grat six pain of limba (LunnocK, Rtdbh, Laikri.).* The second 
and tbiii! gnira of legs «rv snid to belong to one segment or rather double 
segment. The hirvn has only a fev eegments, there being onlj one limbless 
segment besides the anal iiegiuent. DuKng the first moult tvro more pairs of 
li^ appear, and the larva then develops six, seven, eight, and finally nine pairs. 
Still less is known of the development of ScoliqiendreUn, although each 
knowledge would be of great value, seeing that special significauee attaches 
tn thb romi. The youngest stage as yet observed had aix jwira of legs, but 
it is not impassible that this stage was preceded by others with fewer pairs 
(Latzkl). Each of the Dnmerous moult!! that follow is accompanied by the 
addition of a new pair of legs, until the full number of Hegmenla found in 
the Bciually mature animal is reached. According to Lateel, the course of 
development of Sculoiirndrdla strongly recalls that of the Poli/xeiiidae. 

3. The Formation of the OrgauB. 

Our knowledge of llie formation of the organs in the Myriopoda 
is still very incomplete. As far as we know, it apiKars to take place 
in a somewhat aimilar way in the Ctilopodn and the Diplofotla. 
The Btalements made on this subject by Methchsikoff in his earlier 
wotka have been followed by more detailed though not exhaustive 
accounts by Soobaff and HKATHcoTB.t 

The Nervous System. 

All that we know of the supra-oesophageal ganglion i^ that it 
has a paired origin in thickenings of the cephalic lube.s \¥liii:li tiiially 
Bcparate from the ectoderm. At the time wlien the omhryo of the 
Julus leaves the egg-shell, therefore long after the rudiment of the 
brain has appeared, two pit-like depressions can be seen in the 
cephalic lobes, resembling those met with in Peiynlug, the Insecta 
and the Arachnids (rf. Figs. 93, 94 C, 28 B, and 109 C). These 
depressions are at first shallow, but deepen later, and sink into the 
rudiment of the supra- oesophageal ganghon, the cells forming the 
floors of the pits seeming to fuse with the cell-material of this latter. 
Tile apertures of the pita narrow, and they become closed vesicles 
(Heatbcote). Tliia formation of ectodermal veBieloa in connection 
witli the rudiment of the brain speciallj recalls the conilitiou of the 
so-called ventral organ in Pei-ifatun (Fig. 96 li, p. 190). The vesicles 
finally disappear, and their significance has not been definitely 
established, hut we may, taking into account the conditions 
prevailing in the Insecta ond Arachnida (p. 62), suppose that 

* For more detailed statements on this subject m'u refer the reader to Latzbl's 
work (No. 10, Bd. ii., p. 31), ivbere also the literature relatinc to it is quoted. 

t {Sea Hetmoh's more i-eoent work on the Chilopoda, an abstract of which is 
appended to p. 2G7.— Eu.] 



chcy arc connected with the fonnntion of tho optic gniiglioii- In 
Peiipatiu, indeed, the pits that appear in the head of tlie erahryo 
are said to have aDother signiflcaiict! (p. 190), and ilm ia perhapa 
the reason why Sogr&pp regnrds the cephalic pits, which arc also 
present in Geo/'hiliin {Fig, 1G9 C), as an atavistic feature in no vrny 
connected with the formation of the supro-oesophageal gaiighou. 

The Tflntral chain of sanslia arises, as in other Arthropods, in 
the form of two slrand-like thickenings near the middle tine, which 
show swellings (ganglia) corresponding' to the ditfercnt scgmentB of 
the hody. The modinn furrow, which lies between the two itinnds 
(Fig. Ill, p. 2'2i), must not be confounded with the former extremely 
transitory shallow longitudinnl furrow regarded as the blastopore. 
In consequence of the appearance of the two lateral ectodemuil 
thickenings this second furrow forms in the same position (Fig. Ill, 
nr). In Qeophilu* this furrow attains a considerable depth, since 
the two tliickenings on each side of it are large and very near each 
other. It thus appears as if tbia central area also took part in tht^ 
formation of the chain of ganglia, and ought therefore to be callnl 
the neural groove. In the Uiplo]>oda, especially in Juttu, the n<rural 
groove is less distinct, hut here also possesses the same significance, 
since the ganglia which become detached from the ectoderm arc con- 
nected by tranevetse coramiaeuies. The middle strand would thtu 
yield the transverse commissuroa. 

Aner tlic ganglia linvc become detached froiu the ectoderm iu Jnlm (Fig. 130 
A tkaA B), lUinessioiiii bis ujd to &]>|)ciir in tlicm in nirh a ny tliat awb 
)^gUau is provided with an outwardly rlirrrtrd pit. This pmcMa. wbieb {• 
dnwribed liy HuTHr'OTt, U difficult to uudorataod l>«cauM it takes )iU(M only 
«rt*r Ilie detncliment Traiu the ectedenii ; vt sliouM otherwise be mTRiodMl of 
the ventrml orgtna of Peripatui {)>. 186). The pita which, u in tha lupt*- 
oeaopliagnl gaiiglioD, become closed rcaiclea, soon diMp|H<itr, 

In the Diplopoda, the two series of gangliu at first lie somewhat 
further apart, a fact no doubt connected with the circumcreaccnoe 
of tli« j'olk by the gcnu-bond; they then dmw nearer each other 
unljl they come into close contact, and fibrous substance appear* on 
their doTVol aide, & feature already described in Peripatut (p. 192), 

The differentiation of the ga-nglis takes place from bofonj bnckwanl, 
so that in the [>ost«rior, and as yet hut slightly developed portion 
of the bo<ly of the growing embryo or larva, the iindiffcrenliateH 
rudiments of the ventral chain of ganglia are found from which new 
ganglia ore nlielricted anteriorly (Figs. 124 and 125). In tlie I>)[do- 
frfula tlie larger number of body-segments hove two pairs of ganglia, 
and are thus shown to be double segment*. 
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la the anterior part of the gansliotiic chnin a fusion which takes 
place between several pairs of ganglia leads to the formation of the 
aub-oesophageal ganglion (Fig. 194, vs'j), with which a few more 
may unite. 

As far as we Itnow, no light has as yet heta thrown by oulflgony on the subject 
of tile inctusion ot tlic ganglia of true trank-segmenta with the brain. The Tact 
thjit tho most i)09terior section ot the brain (tbo so-called trilocerebrum), forms 
a part of the circam-oeiio|>hagetit conimiuure, and may also iioBseaa a special 
ttsDBVem connmissiire (as in the DiplopodK and Scatii/era, according to 8t. 
Remi), however, perhaps indicates Uist tliQ tritocerebnTni had an origin similar 
to that of the maxillary ganglia of f'cnpatus and the antcunaiy ganglia of the 
Crnatacea, Imth of ivhich represent trunk-ganglia secondarily united with the 
brain (p. 103; Vol. ii., p. 164). A dingi-atii of tho MyriopoUnn brain would 
closely reaemblo Fig. 97 (p. 193) of the brsin in an enibijo of Ptripatua.' 

The Eyes. 

The formation of the eyes has been followed in Julus terrestni, 
a form which possesses a large number of ocelli (about forty) ou each 
side of the head. These appiear one after the other. The first 
ocellus appears on the fourth day of free larval Hfe, i.e., after the 
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larva is freed from the cuticular envelope, and is followed gradually 
by the others until the full number is reached. According to 
Hbatqootb, the first step in tlie formation of the eye is an ectodermal 
thickening which arises behind the base of the antenna, and in which 
pigment is deposited. A cavity then forms in tho thickened part, 
ao that the whole appears as an optic vesicle. As the cavity increases 

■ lln Scoimmuim, according to Hevmons (No. III.), the protocerubniui con- 
lista of (1) the areliieerebrum arising in the clypens, (2) two imira nf ganglia 
in the primary head-plate, (3) tho optic gaagha, (4) a pair of ganglia in the 
antennular segment. Tlic deutocerebnun is dfirived from the antcnnary ganglia, 
while the trilocerebrum arises in the limbless segment intercalated Iwtween the 
antennal and mandibular segments. This shows that at least one pair of trunk- 
ganglia (two if tlie anti-nnae are really trunk-appendages) is incorporated in the 
•diilt brain.— Ed.] 
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the outer wall becomca tliinner wbile the inner wall thickens. Tho 
whole (if the latter yields tha retina, and the former secretes the lens. 
According to this author this oul«r layer has not the signilicance of a 
vitreous body-layer, but only functions to secrete the lens, and at 
a later stage degenerates (Fig. 123, A). Detween the regularly i 
cells of the future retina, H&athcote found smoUer cells of 
form resembling amoeboid mesoderm -cells, and he assumes tl 
wander in among the ectodermal retinal elenienU mid fuiictioo 
pigmenU^ells. A layer of lueeodermnl -cells becomes closely applied 
to the retina, forming a capsule round the optic i;up (Fig. 133, k). 

nRATBO0TE*B ftomnnt of the riee of tlio Uyrio]H>(ian eyo Aaa uot miffiincntly 
exiiUiB either its mRuaer of devclajimeDt, or the r«l*tioD of theontogenclic atafEM 
to the adult eye. It U specially important to ucoruiu the eignificojiac of th* 
outer Iftycr of celU lying beneath the lens (Fig. 123, It) iu tlie kdalt rye, or at 
luit to prove its |irescnce. A *p«eie4 nf /n/xi examiDed by GuKACHKa hu a 
Dnilamioar baain-ihaped ey>, devoid of the vilrrous layer. Otlier Uyriopoda, 
especially Chilopoda as it appears, have the Titrcous body, and thtu baT* 
biUminar ey«. These eyes thiu differ soiuewbat riuiu ocelli of the umpleat kind 
Booli as occur in other Myriopnda. It would therefore be iini<oTtant lo proTs 
whether the rudiment of the eye u actually a doaed redclc, or vhetber It it not 
rather an ectodermal deprewion, sneh aa it apjieara to be itill in the adult in the 
CMC of ey«a devoid of the vitreous bo<ly. Tlie vitreoui body in sncb caw* nould 
bare la be explained an arising, as in the ocelli of the ioaect larvae (Fig. 34), 
bj the ingrowth of ectoderm from the iIcIh. 

A* we have already aeen (p. 1S1), the eyes of Ptnpaliu arise ai ectwltrntal 
depressions, and it seems the ainiplest explanation if we can Irare liaak tli* 
bann-sliaped eyes of the Myriopoda as nell as the ocelli of Uii> liisecta to a 
similar primitive nietbo<l of deTcIopmeiit resembling that of the Anncliiiaa 
eyes (p. tP). The Myrio|ioda, iudeed, are of special jnt«re«t iu this oonoactian, 
inMnmcU aa tome of them posaetu only a few ocelli (Kadapriulni, for fluapla, 
hat only four on each side), while a larger ounibcr is found in othen, leadtnn 
10 the formation of so-called crowded ocelli [thirty to forty and more, in £MoUh«, 
Juliii, Fig. 110, Of), till liuilly a coiii|ioiuiil eye results, cnnaistiug of nniinroa* 
■ingle eye>i (about 300 in Sculiftni), and rtuMrnibliug a facet-eya like thai of 
Limiittit. Tliis may even show a kind of rhabdom-fomiBtion without balylnf 
ita rtlatlon to the crowded oocUi of other Myrio|ioda. We thus appear to )tty% 
in the lfyrioi<odau eyes, the ditTereut stages indicated by lu aa of |irahabl« 
oocnrrence in tlio phyhigeny of the facetted (polymeniseus) eye whan we wen 
vonaiderlng tlie Aracluiidan eye (p. iS).* Careful onlogenotio and morphologioal 
inveetiption of thrae points is exceedingly desirable, and would no doubt have 



I atmcture of tht eyes of Swlmtiubu ami 

., .. tirely confirm thia iuggestion. The eye of 

1 few tierfwtly distinct on-Ill, mch nf which eilitUtB 
V typical of that aua* of eye, being a irimple ectodrniial de)i«T«alon 
with lateral vUrcoas body and nnmerous leUnutae, eaeh with a rliabdom pro 
Jecting into the cavity of the eye. the whole being overlaid by a cutiouUr len*. 
in Smtigera, on tha other hand, the ncolli are greatly modified by tnatnal 
{nasnre until they have almoet asaumed the character of tbe ommalfaHa ef a 
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The Tracheae. 

The trauheae develop late. In Geophihis, the embryo Las no 
tracheae when it leaves the egg, and respiration at first takes plots 
through the covuring of tlie body, which is atill very thin (Sooraff). 
In the Diplopoda also, the tracheae appear late, apparently only after 
the embryo has Bplit the chorion, and is lying in its jiupal integument. 
In Juiug^ there is at this stage, behind the base of each leg, a pil-ltke 
<lej)reBsion which deepens and forms two diverticula, one of which 
«stJ>nds into the space beneath the "ventral chain of ganglia, while 
the other grows out dorsally. These are the two princiiml trunks 
proceeding from the tracheal sac, and give rise to the tracheal tubes 
which are lined with a chitinoua intinia. 

In the Diplopoda, each truuk-segnient has two pairs of stigmata, 
«ach leading into n tracheal sac, from which originate bundles of 
simple tracheal tubes. The tracheal tubes do not branch, nor do 
they anastomose ; they thus exhibit a very primitive fonii. The 
presence of two pairs of stigmata on «ach segment in the Diplopoda 
ia an additional reason for regarding the segments as arising by tlie 
fusion of two originally distinct somites. 

The tracheae of the CUiloptKla are more complicated, as they form branches aii<l 
anastonioBe. Tile distribution of the stigmata over the segments is no longer aa 
r^ltar, though, as a rult^, a siagle ^nir opeu on tbv pleural lueiiihraae of luoat 
segments, but in some segments they axe wauling. Scutiijtra has only a single 
medinn dorsal stigmii on each segment ; in the SyniphyU there are only two 
stigmata, which aie eittiuted on thi! Iicail. In thiii res|<ect the Cbiloiroda appejir 
as the leis primitive forms. 

The Protective Olands. 

In the Diplopod larva with three pairs of legs, a pair of depressions 
appear laterally on the fifth trunk'Segmcnt ; these are the foramina 
repuffnatoi-ia which lead into flask-shaped ectodermal invaginations 
representing the first pair of stink- or protective glands (Fig. 122, »d). 

As the segments increase in number, more of these glands develop ; 
«acli of the double aegmente contains one pair only, they are never 
found in the anterior single segments (Heathcote, Mstbcbnikoff).* 
compound eye. The rctiuulae have been greatly rcJueed in number, and each 
has become elongated in the plane of the deprcBsiou of the original ocellus. 
Two Hts of these retiuulae con be reongniged. A loner set, consisting of three 
cells only, fomiH an dungste trifoliate stallc to the ocellus, the rhahdoms of 
tbew three oells being corresi)ondingly climguted and in conts«t with anu 
«nother. The outer set are more numerous, consisting of twelve cells whose 
rliabdoms are widely sopsral«d by the development of a crystnlline cone formed 
by the forion of live to seven cells, wliioh are jwrhfljis the representatives of 
toe vitreous body. Tlie whole is covered by a cuticular lens. The eye of 
4eiiligtra ia regaled as intermodiate in character between the simple and the 
facet-cyo, and has been termed a pseudo-facetted eye, — Ed.] 

* For the interpretation oftheseglands we refer the reader top. 252. 
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The Alimentuy OanaL 

In treating of the formation of the Alimentary canal, we must IcMp 
the Chilo[>oda and the Diplopuda quite distinct from each Otber. 
The accounts m yet ^'iven of tlie origiu of the intestine in tlie 
Diptopoda, indeed, nre by no means detailed, and do not throw 
sufiicieiit light on tlio remarkable conditions which liore nppettr to 
be presented to us. 

The Eoteron. 

ObUopoda. Tlie nutritive yoik u[)on wiiicb the germ-hand lies is 
very large in G-i'iphthu, iiud the yolk-pjTamids are retained for some 
time (Kig. 112 .4, d). In it lie the nudoi, which ar« assumed to 
have renmincd frt-m the first in the yolk. These nuclei becomfl 




Flo. ISC-Si 
a, uu* : hf. Ttntlil chkln oi 
dMUBi : k. tNUt : m, mouth ; «d, m\ 
tta(*pUJHlluiBb(liw«IIl*nitlu«wit«K>rlr; iw. m<wiainu,|iutlx«n«ln(UHlMMU 
IJuU}' dIUflbauJ in tta* bodT^nTltr ; r.»r, inpiv, O-v. nuthOEWpbacisl kui^Ius: 



tmrnnged into a rvgutar peripheral layer, and gradually the yolk 
becomes dilTerentiated round each of them to form cell-areaa (Fig. 
131). The demarcation of the cells thus arises, and the enl«ron 
is formed (Sograff). Whether this ditferontintion takes pUoe in 
one definite direction, i.e., from before backward, cannot he dearly 
mode out from KooiiAFf's description, but Fig. 134 plainly liulicatM 
a progressive development of the enteron from behind forwaid. 
The large bulk of the nutritive yolk still leniains for some tlnia 1] 
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in the eiiteron, and is only gradually absorbed. It still serves as 
nouriehment for the larva, and in LUhobiui lasts for fifteen days 
after hatching. 

Diplopoda. Metsohkikopf was the first to i>oint out an important 
distinction in the formation of the enteron in the two trhief divisions 
of the Myriopotla. In the Chiloiwda it arises at the periphery of 
the yolk (Fi^. 124), and thus surrounds the latter, while in the 
Diplopoda it forma as a tube within the yolk which thus comes to 
lie outside the gut (Fig. 125). In the Diplopoda also the enteron 
arises from the cells contained in the yolk, whose origin is aa little 
knovn here as in the Chilupoda. They collect in a definite region, 
and become arranged so as to form a Inrge tube extending along the 
longitudinal axis of the embryo (Fig. 125, md). This tube, which, 
in the figure taken 
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The yolk iUelf thus 
comes to lie in the 

primary body-cavity, which it completely fills, iienetrating, for 
example, into the spaces left on the sepnmtion of the ganglion- 
rudiraenle from the ectoderm (Fig. 126 A and B), and even appar- 
ently (Heathcotb) pressing in between the mesoderm -byer and 
the ectoderm (Fig. 126). The chain of ganglia thus lies within the 
yolk-mass, and the same is the case with the stomodaeiim and proc- 
lodaeuni, as is evident from Figs. 125 .md 126 D. In later stages 
the yolk is taken up into the spaces of the pseuJocoele, and there 
gniditally absorbed (p. 250), 

Tho prcaeiice of jolk in Ilia primftry body-envily 1i«s nlready lieeo mentioned 
ill conneotion wilh Moina slid J/ysw (Vol. li., p. 177), aUhou({Ii in these omm it 
wtes pUco «omowh«t difTurently. Il ni«y also ocour, tliuiigli on a much amiller 
Kalr, in tlio Insects, as will be described kUr. 
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Tho differcDce in tlie lormitiau of the e&Uroii iu the Cliilupoda and in tUe 
Diplopod* ia very strikiug, nud can best be hou \iy a coniiivison at Figi. 134 
nod lis. While iU roriuatjau in the Chih>po<U^ii>c«l1a the cuiidltioiu foiuki 
jirevniliDg in the Ar&clmidit, in ibe Diplopodi its origin m»y 1m conijam) with 
certain phenomena in the Cni«tx.Tn, in whiuh the cpitbeliam also at flrst lies 
within the folk until tlii» 
Utter liltcn through iiit« 
the nidinicnt of the intM- 
tine. Befotc these point* 
con bo jndgrd with an/ 
certain I;, furl her details 
aa to the later tmladon* 
of the onteron lu tha 
niitiitive yolk nimt b* 
ascertained. For the pr*- 
BOUt I be whole suhjeel U 
obaonrv. 

The Stomodaeam 

and the 

ProctodMiUB. 

The turmstioD ol th* 

(nao|>hagiis and tha IW- 

nhat the same nianucr 
ill llii< Cbi]o]KMla and the 
Diplopoda. Both thcM 
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iiiviifnuaiii'na. Tito tta- 
tiiiWiuniii arise* vtntralljr 
bc(«evn Ihecepbalio 
luhes, thi- yroeUdamtm 
■Isn Una TODtrally ittar 
the postcrioi txtd {fig. 
13S, in Bud a). Each 
length en ^ the fonn«r 
IHtstcrioTly, tha lattsr 
irly, and ihej 
finally join the entMOO, 
with the eirithellum of 
which their walla fiise (Pigs. IIC, 124, IIS). As Ihe emhryo growa, the urn* 
ahjftx from its fornier veiitral position, and comes to lio furttirr hack (Figa. 
no to 113, pp. 221 and 23S. an<l Fig. 124. a). 

Tilt M'llpitj/iuin vMttli srisv as tw« caecal outgrowths of the pnwtoilaeuni. In 
OtopKilvt these ajigiarently fonii Teiy early (Fig. Ill, tn.;), hut in Juhit their 
mdiuientB appear only at the time ot batching (Lt., when the egg-ahell aplil^ 
ou thu twelfth day uf ilevrlopmeul i. 

The Hesodemial Btrnctoree. 
In J>Utu the menuilfriii tirfll ai>i«>nri ns an inwardly projecting ke•^ 
shaped tliickenint! »( tin- l>l.^^tl>llcrul (Fig. 106, KBATlioOTt), wberMs, 




n through ■ 



THE MESODBitHAL STRUCTnRBS. 

in Geopliit)iii, a untlaminar plate of cells extends as a thickening 
along the ventral side (SoGitiFP). This rudiment of the mesoderm 
is said to arise not only by the increase of the blastodenu-celle, but 
to a great extent also from cells 
which remained in the yollf, 
and now wander to the ventral 
surface. At first the mesoderm 
consists of a continuous layer of 
cells, but it soon becomes divided 
along the middle line into two 
raesoderm-bands. These become 
divided up transversely into con- 
secutive thickenings corresfKinil- 
ing to the future segiiienta, the 
roesoderra connecting these thick- 
enings being very slight. The 
formation of cavities t!ien takes 
place in the thickenings by the 
separation of the cells from one 
another (Hbathcotk) ; the primi- 
tive segments are thus formed 
and the somatic and splanchnic 
layers of the mesoderni appear. 

SoGRAFr btltcves that the two niesoderni-bauda arise in tlio way wbicti hu 
re{)eatedlj lioen descriheil ia connection with the Inscota. Ha ftHsuiiiea that the 
tiniUminar rell-plata, which in Geojihilui lies below the ventral ectoderm, bends 
round dorsally at its lateral edge, and grows towards tlii' middle Hue, In this 
way two contiguous layers are formed, and through their BliiftiDg apart the 
■eonndary body-cavity arlnca. Kowalrvskv has made a similar slateiuent in 
oonnection with Mgdrophihii, but this haa not been confirmed by more recent 
oliMrverv. A somewhat similar account is given Iiy Heyhoks Tor PhyUodTmnia. 
The cells distributed in the yolk also, according to SooiU-FP, take part in the 
fcmwtion of the spluichnic layer by sliifting to its periphery. 

The primitive segments that appear correspond in number to the 
future body-segments, and it is an important fact that /wi- each of 
the tefpnenti bearimj two pairs of te(fs in the Diplopotfa, Uco pain 
(ff primitive segments form, so that these segments are thus again 
proved to be double segments (Hbathcotb). The statement that 
ilie primitive eeipiientg extend into the liml'S and cause these latter 
to appear hollow (Fig. 127, 7i,»/s) seems to be luiiversully applicable 
oroong the Myriopoda. This feature Tecalls Peripatus, and a further 
r«scmblance to ibis latter form is found in the fact that even each 
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of tlie niitennoB contains a large diverticulum of a segmental cavity 
(Fig, 127, h.ut and al). The concluaiona on this point in connection 
with Peripalus (p. 186) would therefore aUo apply to the Myriopod& 
In any case the ilivL-rticuln of the Bcgmentol cavities Ihat extend into 
the limbs §eeni to he a |irimitive couditioii which ia loat later, toA, 
among the Insecta, is only retained in the lower forme (e.g., Orthop- 
t«ra, Gbaber. CaoLoDKoimRr. Hkvsiosm, etc.). 

The Body cavity, the Blood vascular SyBt«iii, the 
Fat-body, and the Husculature. 
Tlie stage in which the meao>lernj is rejiresented by two rowa of 
consecutive primitive segments does not laat long. According to 
Hkathootb each primitive segment divides into two vesicles, one of 
which remains in the iKxIy (eoDiatic turt of the coelom), while the 
other lies in tlie limb (pedal or cnirid [inrt of the coetuni), a condition 
which may be compared with the similar distribution of the primitive 
segments in Peripaltif. 

There are wrtaiti dlffercnM* in deUJI in tiio rurthtr derelopnitot of then 
two \mrtt of tbn |iriniitiTe scgmenta iti FcripiUm and in thu Uyriopoda, tat 
ihii nibject, in ijriu «f Hbathcotk's ofaecrvatioiis, La still somewbat oltwure, 
and a more detailed study of it is vrry desinblo. 

In tracing the development of tlie primitive segments from before 
backward, we find that the fint segment, the pedal section of which 
lies in the antennae, is us<h1 chiefly for the formation of the ant«uiial 
musculature and for the musculature of the head gencnlly. The 
primitive segments of the mandibles are in the sanie way concemed 
in tlie formation of musculature, but those of the maxillary segment 
have, according to Hkathcotr, another significance (formation of 
the salivary glands), which will be discussiid below. 

From the first trunk-segment onward, the two sections of the 
coelom show thmughout a difference in their ultimate devetopmcnL 
While the pedal coelomtc sacs are used for the development of tlie 
leg-musculature and lose their sac-like form, the somatic (nrta, in 
the Diplopoda, sliitt towards the middle line and come to lie above 
the ventral chain of ganglia nnd here later fuse with one another. 
They thus differ from the corresponding parts in Pfripatus, which 
shift donally and come into contact above the Intestitiu (j). 20S and 
Fig. 102, p. 205). Here, howevi-r, as there, they form the genital 
glands, and since, in the Chilo|ioi]a, these lie dorsnlly ti> the intc*' 
tine, we might expect in these forms greater agreement with the 
amtngamont in I'trij^atut than is found in tlie OiplojxxhL 



■VASCUI-AR SYSTEM. 

Ouriiig the differentia tiou of the two sections of the primitive 
segments just described, connected luyers of cells seem to be formed, 
and these become arranged above the eliain of ganglia and round 
the intestine (Fig. 126, »ii and »/>), at least Heathcotb mentions a 
covering of these parts which he designates (though not quHv. 
<»rrectly) as the Bomatic and the splanchnic mesoderm, The actunl 
body-cavity ia a iiaeudocoele, and its condition is thus quite peculiar, 
8inc«, as already shown (p. 245), the lai'gest part of the yolk lies 
outside of the enteron and consequently in the body-cavity (Figs. 
125 and 120 B, pp. 245 and 246). Cells still remain in the yolk, 
snd these have been considered as of great importance in the 
development of the blood- vascular system as well aa the fat-body 
and the connective tissue (SooiiiFF, Hkathcotb). 

Ah has already been muutiDDMl, tlie vtll-iuateruil derivtd From the primitive 
E^menU ca-nperaU^ in the formatioa of the tissues boandiQK the body-cavity 
and especially of the muaculatnre. It is evideut, from Fig. 126 A aud B, that 
a layer of weaod ami -cells (so) becomes closely applied at first to tlie ventral 
eotoderm and to Che ganglionic chain, but later this layer becoiues detached 
from the outer Inyer; both it and lhi> uerre-cord shift into the yolk. DurJug 
these processes, which are not yet mtisfootorily worked out, email jiarticles 
of yolk «eem in some way to press in between these parts auil the ectoderm 
(Fig. 126 A and B, d). On the other hand, it no doubt results that the meso- 
dermal elements derived from the primitive segments also becnnie diitribnlfd 
in the yolk, and consequently the orgnna whteli develop here ore not to W 
derired solely from tliu cell-elements which remained in the yolk. 

In the Chilopodo, the enteric epithelium forms at the periphery of the yolk, 
■which thoH comes to lie within the intestina. We should be inclined to believe 
that in this case the mesodermal tissue wo'uld be derivable from the primitive 
■egmenU, and yet Sookaff assumes that in the lateral parts of the embryo, 
as well as on the back, to which the jirimitivc segments liavo not extended, 
a paroDchyniatons tissue consisting of Blar-likq cells appears derived from the 
eella which remained in the yolk.* These were said before to take part in 
the formation of the splanchnic layer (wbic^h arose principally by the bending 
over of the cell-plate hnt present] by shifting frum the yolk to the jieriphery. 
In the same way we must assnme, according to Soobaff, that wandering cells 
ooBio out of the yolk later, tliongh before the enteric epitheliimi has formed, 
to yield the parenchymatous tissue. From this latter the connective tissue 
of the boily-ravity, tho fat-body, and the blood -coqiusatis are said to be derived. 

In the Diplopoda, tho connective tissue of the body-cavity, the 
fat-body, and the blood-corpuscles arise from the cells idready lying 
with the yolk in the body-cavity. The yolk-mass in this last case 
becomes more and more interpenetrated with cells; the yolk itself 
seeius to remain in the cavities of the peeudocoele, and here to be 

■ We believe that the sbove is a correct reproduction of Sooiiaff's view, 
although it is difficult to obtain from bis Kiissiau treatise a complete conception 
of thcap somewhat conuilicated fonimtive processes. 
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graxlualty absorbeiL It con still be traced in the cellular iiotw<'Tk 
in the fomi of somewhat large structures resembling oil drops, vthicS 
represent the fnt-body of the larva. With the gradual abaorplion 
of lite yolk and tlie einiullAneoua further development of the meso- 
donnnl elements, the primary hody-cnvity of the Diploi>oda (Kigs. 
IS?) and 126 B), formerly filled with the compact mnss of yolk, 
passes at tirsl into a pseudocoele formed of a c«lhil&r network, >di1 
finally into the definitive body-cavity. 

Tlid foniuitinii of the Imdy-ctvity in thu [HiitopDila aeant to rewiiiililo tliat 
in ifoina. to thb form slwi the food-yolk lies in tho primary lifldy-otTity 
(Vol, ii., p. 177). Cetli vhich Iwooms drtachetl froni the niModcnii-lundt are 
diMeraitiati<d through it, and c«nse<iuenl!y these niiiat iiMlis[nitol>Iy be n>o- 
■lilered na tnic metHxlcrm-cclla. Tbcae celh later alao oauat iu tha fomutioD 
o( the blood'tiaiiie. A niniilar Talr ii [iroliobly roscrvod for tlie yolk-pirtieU* 
KiusiDinij iu tin- jiseudocoeli; of tbv 3Iiitciil"r. 



The formation of the heart 




3. 
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Diplopoda is said also to bs 
traceable to lh« 
cells eontained in 
tho yolk (1). The« 
become nrmnged in 
the pseudocoele to 
form a dorsal tube, 
which at first is in- 
completely cIosmI, 
hut later beccnnw 
V. "f^- tk/- complete. Regu- 
larly-placed paired 
apiTtures that ue 
retained in thia 
tube represent the 
ostia. In each 
double segment of 
the Dipbixxla two 
|iair!t of oslia de- 
velop. In the utne 
way, each doubts 
segment poeMasea 
two pairs of arto- 
ries, which leave 
the heart venlnlly 
an<l nin din^ct into 



the cavities of the pseudocoele. Ventrally to the heart a ]icri- 
catdial eeptum forms, which has the same origin aa the heart itself 
(Heathcotr), 

According to Sooraff, the heart of GeopTiilus arises from a series 
of paired c ell-ace umulatious lying on the already formed intestine 
(Fig. 128 .-1), When it is said that these Iielong to the splanchnic 
layer, the aplanciinic layer proper of the primitive eegment can 
hanlly be intended, but rather one of the coverings of the intestine 
derived from the [mretichymatous tissue. This is the sense in which 
HsATBcoTa also speaks of a splanchnic and a somatic layer (Fig. 
126, gp and io). In the cell -accumulations, each pair of which 
corresjionds to one of the chamlwrs of the adult heart and to a 
body-Begmenl, cavities appear (Fig. 128 B). The two aaca helonging 
to each pair fuse together, uniting in the middle line, and thus form 
a chamiier of the Iieart, and the consecutive chambers, uniting 
together, form the whole dorsal vessel (Fig, 124). The heart in 
its development closely resembles the dorsal vessel of the Annelida 
which is derived from paired rudiments (Vol. t., p. 291), and, if 
this account of its origin i)rove correct, the Chilojiodu would appear 
to show in this respect a still more primitive condition than is fouud 
even in Peripaiug. 

The body-musculature arises out of the mesodermal elements which 
become applied to the ectodermal body-wall, but, as vre said before, 
nothing certain is known of the derivation of these elements. 

The Salivary Olands. 
Although one cannot but be predisiwaed to homologise the salivary 
glands of the UyTiojioda ^vith those of the Insecta, and tlierefore to 
regard them as ectodermal structures, we are eompolled by Heath- 
oote's statements to consider them as mesodermal. The salivary 
glands are said by him to he forraeii as tubular outgrowths of the 
somatic portion of the primitive somite of the maxillary segment, 
i.e., the inner division of the primitive segment (p. 248). When the 
tube has grown to some length it opene externally by (using with the 
ectoderm on each side at the base o( the maxillary plate. 

Should the origin of the mlivsry glands out of tho ineBodorm Bctually be con- 
litRieil, wc sljould hare to rej^rd thcni aa traosromied nciiliridii, whereas the 
ulifkrjr glnnds of the IdbpcM, in coiiseiiiicnce of thrir ectodennal origin, must 
no doubt b« coiuidered as crural glands. Tttc ulirary gluida of the Myriojioda 
wonid then 1« rorined in the same vtay us those of Peripahu (p. 20S), althoagh 
in th« Utter it is the latsral not tlis iuuer portion ot tho primitive aegujent that 
givH rise to tlicni. The quesli-iii ita tn the direct homology of the nalivsry 
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gUiid-f it) ilie Myriopixlii mid Periimlv', U ii|<-ritili<^l ivitli th»t of the homologjr 
or Ihc mcnilh-pnrta in the two )[rou]>«. T1icai< gkndi, in l^riinttiu, belong to 
the M){nicnt of tbe onl pitpjllw, >nd the '[urstioii of ths ro-i^lstioD uf th(«i> 
■jijwllilnfteg to tilt uionth-|arta oT tll« SI;rii<|-oilii vill tw duciui9e<l at tli« tnd 
of tliu volnmc. 

In itaelf. the ori^n of the mlivu-y t(l""'^> "it of tlic mcaodemi doa not •pprar 
to OB rerj probable, Tlie Myriopoda, iiiarcfivrr, |K>a8fK8 Hvoral {Hire of tha* 
);lind« (Hkuiiht, No. 9) ocourring in th« indiviiliial cephalic Mgrnrnta, jnil ■« 
tbe \*in of ulirary glands in the Iiiarctit arc distributed on tbc Mgniente of Uip 
mandibles, the niBxiltae and the lowtr Up. Xuthiti^ apjioara niuir likel; than 
that the structures in the luMcU a.nd in the Myri"[»(1a are honiolngnus. It ia 
indeed pouible that, an in Prrifaent, glands of niewdennal oripn ma; occur 
aide by aide with thoae of Ktodenual origin. It would therefore be of primary 
importance to establiab aemirately the manner nf devplupineut of (hea* )cl*K<la> 

If the lalivary or oephaljc glands (URisiirt' applies tiieu two nanica indiflcraitly 
to them since spinning glands also arc found among them) arc of cctottermal 
natDro, they would have to Iw regarded as <>runil glands. Suob gtandi (prohtbly 
ectodermal) are abo i>lten fonnd on the rmtV iu the Myrio)>oda, and bare bam 
compared to the crural gUnds of Ptripalut, and fiirthrT, tn thi^ parapudial glands 
of tlia Annelida. In the Myriopoda these glands vary greatly in character 
They are described in deUil by Eisio (No. 2), wlbo is dispoaed to regard the 
protective glands which were described above, according to t!io accounts of 
Mb1'»<.'U-MKU»-|' and lIxATitcoTR, »a octodernitl, u Intnsfonned nephridia. 

Tbe (Hnital Organs. 
TLe little that ta as yet known :is r.< ili.' fnnnation of the ganila) 
organs relates to the genitnl glands of the Diplopoda. Thea«, as 
in Peripaltu, proceed from the somatic or inner part of the primitive 
segnienU, which, however, is not, as in Periixttu*, ehifted towards 
the dursol side, but remaJna in a ventrnl poiition. A Xntpt number 
of primitive segments is used in the formation of the genital glnml*. 
The somatic part of these segments shifts towards the median line 
and comes to lie above the ventral chain of ganglia. The coelomic 
aoca of the right and left side of ench segment come into conUcl 
in the middle line. About the time when the embryo hatches, ihe 
two fuse so that a single cavity resnlte, and as the conMCUtive 
coelomic sacs also unite, a lojig tube is formed lying between the 
ventral chain of ganglia and the intestine. This is tbe genital tulie. 

Wo have DO altogether retialile accounts of the relation of the gnnltal tuLe 
to the ellcrent ducts. In PrrjpoJiia, the etTerent ducts are known to comapunl 
to a pair of nephridia and open oitt posteriorly. In (he MyTio|>oda, a tjieeisl 
intrreat attaches to this i|Uulion, lieeauie the genital ot^au) in the Chllnpoda 
open iHwlerinrly (nn the penultinuatc segment), in tlic Diplopoda, on th* oUm' 
hand, somewhat lar forward (behind the strond pair of legs). We an inclined 
Iu rrganl the arrangemeDt in thu C'hiIi>]HKU as the mot* primitive, and to 
aaiunii' a Mvoiulaty diaplaconieni of Ibv rlfervnt dncia in thv I>iplo[«Ia, a 
|>rD«'(« which can b«t be eiplsincd tbioagli tlic ntilintion of atiolber luir 
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an additioD.tl sefnnent behind tliia, tlie ]>enultimitto Mgmoiit, uid liy tlie dis- 

■ppearaiU'e of «nMrior spgnii'nta Reems altogether iiuprobablp. 

The iMwitiun ot the genitnl gluida tbemselrcs appeai-B to as more primitiye 
in the Chilopoda tliau in tlie Diplopoda, and like that of their efferent ducta, 
more nearly to cornjapoiid to tho condition in Peripattta. Tho glanda lie 
donnllf to the intestiue, and in the enibiT'O appear «a tno accnnmlations of 
cells near the dorsal vessel (Fig. 12S B, {/). Their origiu is, nnforlnnatelj, 
u yet obsaure. 

[An itiiportant contriUition to the ontojgenj ol the Cliilopoda baa recnntlj 
U#en made by Heyhons (No. III.). ThU author haa antirely rein VBHtiga ted the 
derelopnient of SeoUmendni, but unfortunately so far has only [mblisliod a short 
anmniory of his reaulta. fie Kn<in that the egg posseases a central tinBegmented 
yolk containing segmentation -nuclei ; aome oftfio latter migrate to the Biirfaco 
and form the blaatoderm, while othei-s remain witliin tho yolk and givp rise to 
■ome yolh-oalls. The yolk-cells also arise as immisrants from all parts of the 
blaatoderm, aa alao do tlie entoderni-cella. There is no gaatnila-groore. The 
body is found to consist of the following segmonts ;— a primary cephalic plate 
and a primary anal piece (telson), betn'een which are found (1) an anteunular, 
(2) an aDt«inial, (3] an intercalary, (4] a mandibular, [5, 6) two maxillary, (7) a 
mixilltpedal, (8-28) the body-, and [29, 80) the genital segmonta. The salivary 
glandi are purely eotodennnl and not modihcd nenliridia. A eoclomic cavity 
IS present in each segment, cephalic plate and telson excepted, in all thir^ 
pairs. The nnpaired gonad and genital tluct of tho adult aro paired in the 
embryo, and anse in oonnevtion ivitli the coelom ; as in the Insects, tho ilucts 
liaTe ectodermal terminations with an-essory glands. For the brain, see foot- 
note, p, 241. Hethons vonctudvs that the Chilupoda show clouo relationaliip 
to the HexBpoda and are very remote from tho Diplo]ioda, the Myrio|K>ila not 
forming a natural group. — En.] 

Oeneral Considerations. 

In considering Uie ontogeny of the Myriopoda, two important 
questions Bri8e^(l) whether the developmental biatory of the 
Myriopoda testifies to their near relationship to Peripaitu, and (2) 
in what way their ontogeny is related to that of the luaeuts. Since 
the Myriopoda appear in a certain, sense as intermediate forms 
between the Insects and the Onychophora, these qnestJons naturally 
suggest themselves. U must at once he stated that up to the 
present time the ontogeny of the Myriopoda is too little known 
to enable ua to answer these questions in n manner as satisfactory 
as might 1>e desired. 

Even with regard to the first ontogenetic processes in tlie Myrio- 
poiian egg, we must hesitate in instituting a comparison with 
Pei-ipalm. A superficial cleavage accompanied by segmentation of 
the yolk takes place in the eggs of tho Myriopoda, and the samo 
kind of cleavage has been nflirmed of the egy of /'«-yia(f« nooae- 
zecdandiae, wliicli is rich in yolk (Fig. 76 A, p. 167). The eggs 
of other B]j«ctes of Penpatm undergo total cleavage as has been 
seen, but tliis method of cleavage was regarded as probably 
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secondary. Further, it is of interest in this connection that the 
eggs of the lowest Insects (Poiliira) are also said to undergo V^Uii 
cleavage, although we are still without certainty on this {>oint. 

The formation of the germ-layers in the Myri<.>[KKla is still tix) 
little understood for us to draw definite conclusions from it, hut 
the external form of the hody offers a few 2)oints of comparison, 
though these are perhaps not very certain. It was shown that the 
Myriojwdan egg undergoes a decided ventral folding at an early stago 
of development, and that this may lead to the sinking of the wlu>l<' 
germ-hand into the yolk (Figs. 113-116, pp. 226-230). This also 
apjwars to be the case in Pen'jfafus^ judging from the statements 
and drawings of L. Sheldon, and it seems not im[X)S8ihle that these* 
ilevelopmontal [)roce8ses which occur in the Myrio|K)da and the 
Insecta are foreshadowed in Penpafw.* 

Indications of a low grade of development, and at the same time 
of resemblance to PeripcUus^ are afforded by the suggestion of 
ventral organs (of head and trunk), the continuation of the primitive 
segments into the extremities, e?i)ecially into the antennae, the 
condition of the ectodennal (crural) glands and of the salivary 
glands (which jH^rhaps arise from the mesoilerm), also by the double 
rudiment of the heart and by tlie formation of the genital glands ; 
but unfortunately our knowledge of the ontogenetic proces.ses in 
these cases is not suflicient to raise conjecture to the level of 
certainty. The adult animal is better understood, and in it the 
constitution of tlie mouth-[)arts, the segmentation of the nervous 
system, the structure of the eyes, tlie presence of the Malpighiaii 
vessels, as well as the condition K)i the blornl- vascular system and 
the^lKxly-cavity [»rove without doubt the near relationship of the 
Myrio|)oda to the Insecta. By far the most striking i)oint of agrei*- 
ment is affonled by the tracheae, which are constituted exactly like 
th(ise of tiie Insecta. If we now ascribe great importance to a 
|K>int wincli was not considered a])]»licable in a com|)arison with 
the Arachnids, it is because a derivation of the long and fairly 
hoinonomously segmented Myriopoda from forms like PeriitaiuA 
already provided with tracheae is naturally suggesteil, while such 
a^derivation of the Arachnida is met with great difficulty, as has 
alreaily Ijeen shown more in detail (p. 110). 

In s])ite of the great agreement existing between the tracheal 
hystfui of the Myrio|KKla and that of the Insecta in the adult 
>>tii^e, one fact in connection with tlie former seems to suggest 

• [Ste fo »tuote, p. 21C.— Ed.] 
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tLe condition found in Perijtalat. The tracheae in the SfyriopCHla, 
ae ill Peripahts, appear very lat* ; they are said to form only 
during post-embryonic life, whereas in the Insecta they appear as 
rudiments in an earlier stage of development. 

At first sight, the occurrence of larval forms provided with com- 
paratively few segments and still fewer pairs of limbs might seem 
to be a fact of great significance, all the more tbat these closely 
resemble in appearance the young forms of the lowest Insects, viz., 
the Thysanura. This brings us to the question whether the rich 
eegiiientation of the Myriopodan Ijody represents on the whole a 
primitive condilion, or whether it \a a secondarily acquired char- 
acter. We might answer that the racial form of the Myriopoda 
was a hoinonomously segmented form, consisting like Peripalaa of a 
large number of segments, or we might, with Haabk (No, 5) assume 
that the large number of segments such as are now found in the 
Myriopoda represents a later acquisition by these forms. The con- 
tinuous lengthening of the body has been explained by the manner 
of life of the Myriopoda, which is accompanied by such a develoji- 
ment of the 'xidy in the same way as in the Seri>ents among 
Vertebrates. It is interesting to see how this lengthening of the 
body leads to a modilication of its morphological characters. In 
those ChiJopoda whose boilies consist of many segments, unpaired 
chitinous plates appear in the soft intersegmental ventral integument, 
which in the shorter Cbilo]»da is only slightly developed, and as 
the length and the number of the segments increase, these become 
broad ventral plates, the un[>ntred scuta (Haase, No. 6). 

The common primitive form of tlie Insecta and the Myriopoda 
has repeatedly been sought in some fo>rm approaching the Symphyln ; 
but Seolopemirella, to which, on account of its striking resemblance 
to the Thysanura (Figs. 192 and 193), this great significance was 
attai:hed, shows as well as the tatter certain peculiarities of organisa- 
tion which prevent it as much as the Thysanura from being 
regarded as a primitive form. We do not indeed doubt that the 
Symphyla as well as tlie Tliysanura are very ancient forms, hut 
we would assume a racial form fur the Myriopoda with still more 
primitive organisation, the Symphyla being somewhat removed from 
that form and the Thysanvira still further. The differentiation of 
a thorax, which is an important character of the latter, but which 
is merely indicated in the Myriopoda, will be discussed in dealing 
with the Insecta. 

The Piplopoda resemble moat insect larvae in leavmg the egg 
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lit a sUge with few segments aiitl with only three well develo[>eil 
|>airs of legs. The ChUopoila when hatched always have a largo 
number of segments and [mi» of legs, some even possessing the 
full adult number. We should feel inclineil to conaJdeT this as 
the more primitive condition, especially as Penpatw also poaeeMe« 
the full number of segments wlien hatched, did not the whole 
organisation make it appear doubtful wliich of the two divisions, 
the Chilopuda or the Diplopodo, is the more primitive. 

The invagination of the emtryo, or ventral flexure of the germ- 
baud of the Chilopoda, as well as their further development, seems 
to lake place in a primitive vay, as it appears to be merely a 
consequence of increase in length, wliile the early bending of the 
germ-band of the Diplopoda docs not admit of such a natural 
explanation, but must rather bo regarded as a derived condition. 
Uu the other hand, the cylindrical form of the Diplopodan body 
seems to represent a more primitive condition, since the Chilopodon 
embryo also is cylindrical and Leconies flattened dorso- ventral ly only 
after hatching. 

Whereas, in the Chilopoda, eacli body'Segniont carries a pair of 
limbe, in the Dipla|ioda we see eviTv two segments fusing together to 
forni one, which is then provided with two pairs of limbs. Ontogeny 
has shown that for every segment of the Diplopoda, two primitive 
segments and two ganglia appear as rudiments ; the double nature 
of these segments can thus no longer be questioned. In Ihia we 
certainly have a secondary character in the Diplopoda. The month' 
parts of this division, nevertheless, ore far simpler than tliose of the 
Chilopoda, in tttat the former probably possess only one pair of 
maxillae, while in the Chilopoda two more pairs of extremities are 
drawn in to assist this pair in the work of mastication. The tracheal 
system is simpler in the Diplopo>la and more complicated in the 
Chilopoda, but, on the other hand, a more primitive condition of 
the genital organs is found iik the latter, the genital gUnds fltat 
appearing doreally to the intestine (as in Peripatwi) uid retaining 
this poeition, while in the Di]>lupoda they are found ventrally to 
the intestine. Tn the former, the genital aperture belongs to the 
penultimate body-segment, wlw^ress, in the latter, il lies near the 
aiiti^rior end of the body, between the second and third trunk- 
segments. It can hardly Ix) doubted that the position of the genital 
aperture at the ]K>stcrior end of the body represents the primitive 
condition, and that in other cases that condition has been modified. 

When it is further added that the Diplopoda appear palaeontu- 
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lofiically as the okter, and tlie Cliilopoda us the younger forma, it 
onJy remainB to be said that the latter also became separated from 
the racial form early, and each branch, developing further inde- 
pendently, while retaining ancient features, acquired characters 
which, in consequence of their separate development, were not the 
same in the two groups. 

The most important feature in the organisation of the Myriopoda 
is the uniform development of the trunk-segments and the possession 
of limbs on all or nearly all these segmenta. This feature gives 
the Myriopoda a specially primitive character, and brings them near 
to those other forms which show a homonomous aegmentation of 
the body, viz., Pei-ipatus and the Annelida. 



{lu the above account the Myriopoda are treated as a natiu'alj^up, and as 
h they are probably regardeo by tlie mnjority of /oologisW, "niis, however, 



B Mynopo 
, „ rdi^d by tl 
it the opinioQ of those who liave apeciulised in this group, and a 
of the Di[>lop(Kla from the Cliilopwla ivoa quggeated as early as 18S7 by P 
a view vhich he arterwords amp^Hed (No. VT.). PococK regards the Cbilopod* 
with the SymDhjia oa much niore nearly related to the HeJiapoda than to the 
Diplopoda with the Pauropoda, Bod he propoeea to divide the Tracheata into 
two groups — (1) the Opisthogoueata, including the Hexapoda. Cliilopoda, and 
Symphyla ; nud (,'i) the Progoneata, embracing the Diriopoda and the Pauro- 
poda, tne latter, accordiDg to Kbxvon, being modiiied Diplopods. He regarda 
the Symphyla as etandiiig nearest the alieestral fomn of the whole gronp. 
Precisely similar conclusions have beea arrived at by Silvkstri (No. IX.}, 
who also ha* made a spociai study of th& Myriopoda. These views have been 
accepted by Rat Lankestbr (No. V.) and others. Einoslby (No. IV.), while 
agreeing tlint the Myriopoda forma pnrely artilicial group and that the Chilojtoda 
are closely related to the Hexa]>oda, differs from Pocoi'K in concluding that 
the Diplopoda have probably no relation at all to the CUilopoda. The view 
tlut these two submviaiona oF the Myriopoda are quite distinct from one 
another, or at the most bnt slightly related, is amply confirmed by the study 
of their oDlogeny, as may lie seen from the numerous poiuts of dilferenoe 
mentioned above. — Eu.] 
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CHAPTER XXVII. 



INSECTA. 



Systematic (after Braubr, No. 146): — 

A. Aptekycogenea. 

a. Thysanura {Campodea, Japyx, MachiliSf Lepisma). 

b, CoUembola {Podura, Sminihurtis). 



B. Pteryoooenea. 




a. 


Derniaptera {Forficuin), 




b. 


Ephenieridae. 




c. 


Odonata {Libellulidae), 




d. 


Plecoptera {PerWae). 




e. 


Orthoptera genuiua {BlaUidae, Phasmidae, ManUidM, 
Sanatoria), 


> Homomorpha. 


/. 


Corrotleutia ( TermitUae, Psoeidae, Mallophaga), 




9- 


Thysanoptera (Phympoda, TTirips), 




h. 


Rhynchota. 




m 

t. 


Neuroptera (Sialidae, MegalopUra), 




it. 


Panorpatae. 




I 


Trichoptera {Phryyanea). 




n. 


Lvpidoptera. 
Diptera. 


• Heteromoriiha. 


0. 


Siphonaptera. 




P' 


Coleoptera. 




9- 


Hyineuoptcra. 





I. Embryonic Develoimient. 
1. OripoBition and the structure of the ripe ecc- 

Most Insects are oviparous, only a few forms bringing forth their 
young alive, e.//., the parthenogenetic generations of the AphidiKy 
many Dijjtcra (Sarcojfhaga, Tachinc^ Oestridae^ Pupii>aray Ceeidomyia 
larvae), the Stylopidae^ and a few Coleoptera (many Siaphylinidae). 
Thf eggs when laid are protected from external injuries in many 
different ways, either by being glued to some surface or by being 
deposited in water, below ground, or within the tissues of plants. 
In the last case the laying of the eggs often gives rise to excrescences 
on the plants (galls). Insects whose larvae live as parasites in the 



body-cavity of other Irisecta (lehneunionidae) lay their eggs in tlie 
body of the future host within which the embryonic and poat- 
embiyonic develojiraent take place. Many Insects Biirround their 
eggs with a web, others envelop them in a secretion which, in the 
case of eggs laid in water, swells up as ajel]y(spawn of the CuHcidae 
and Phryganeiflae), but in other cases hardens into a firm capsule 
by espOBuro to the air (so-called egg-case or cocoon of Periplaneta 
and Maniii), etc 

The eggs of Insects are usually distinguished for their lai^e site. 
They show great variety of form, the most prevalent being an 
elongate oval, the long axis of the egg corresponiling with the future 
long axis of the larva. In such eggs a distinction between the 
future dorsal and ventral surfaces is indicated by a difference in 
curvature {Fig. 129, d and e). 

The mature egg is enclosed within two envelopes, an inner vitelline 
membrane (Fig. 129, dh) secreted by the egg itself, and an outer 
ehorion (eh) secreted by the epithelium of the ovarian tube. The 
latter occasionally breaks up into two layers, the endochorion and 
the exochorion. The vitelline membrane is usually a homogeneous 
delicate structureless membrane, but the chorion is seldom thus con- 
stituted. In most coses it is ornamented by the presence of a 
network of thickened ridges and markings, which vary greatly in 
the diiTerent genera and species. 

The chorion ia pierced at one or more points (mieropyht. Fig. 129, 
m) to allow of the passage of the spermatozoa, and tiie modification 
of the chorion that takes place round these micropylcs often results 
in a very complicated microjiylar apparatus, round which the vitelline 
membrane appears attached to the chorion (Fig. 129), so that both 
membranes appear perforated at this point. 

In Insect eggs there is always a distinction between an anterior 
and a posterior pole. The anterior pole is that wliich, in the body 
of the mother, lay directed towards the head, and thus corresponded 
to the upper end of the ovarian tube. In later stages of embryonic 
development, the head end of the embryo always lies at this pole, 
while the posterior end of the embryo ie directed towards the jwsterior 
pole of the egg. The micropylar apparatus usually lies at the anterior 
pole of the egg. 

A cap of glutinous matter often covors the inirropjle-ares (Fig. 129, g), and 
may extend an an envelope over tlie jjrraler fart, or eveu the whole of the egg. 

In the egg itself there is usually a aejiaration of a superficial layer 
consisting of forniative protoplasm (Fig. 129, A') from an inner mass 
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wilh a delicate chTomaline network. During the process of maturation 
it shifts to the surface of the egg, there a spindle is formed, and the 
nucleus undergoes diviaion, In this way the first, and aftetwatdB 
the second, polar body is formed (Blochman.v, No. 5). 

The positiun of the polar spindle varies in the difTereut gronps of the InMcta. 
In lome {Pieri$) it Uea directly at the »nterior pole of the egg, but in moat 
Insects it is formed nearer the middle of the long axia of the egg. BuicnHAMf 
(No, S) found it iu Blalia in the middle of the dorsal surface, while in Jfuacn it 
occars st about oue-third to one-fourtli of the whole length behind the anterior 
pole on the concave (doraal) side of the egg (Fig. 19B, r). Iu the Fonnieidite it 
alio liea laterally, but near the anterior pole, while in the Jphidae it is situated 
at the middle of one of the lateral surfacvs of the ogg. In Hydropkila$ (HEinEB) 
it lies aoiue«l,at lieliiad the mi.i-lateral legion. 

2. Oleavase and the FoTma,tion of the Blaatodem. 
Tlie type of oleavage universally prevalent among the Insecta* is 
the pure auiwrficial type so common among the Arthropoda (Vol, ii., 
(p. 113), The first cleavnge-niicleus (produced in the fertilised e^ 
by the union of the ninlc and female pronuclei) shifts inward and 
increases by indirect nuclear division (Figs. 131 A and 175 A, B, 
C, /). The formation by division of the numerous cleavage -nuclei 
from the first has only been directly observed in those egga that 
are poor in yolk (Aphidae, Cecidomyia, Cynipidae). But it can 
hardly be doubted that in the larger yolk-bearing eggs of other 
Insects the numerous cleavage-nuclei which are found distributed 
throughout the egg soon after it has been laid are actually pro- 
duced front the iirst cleavage -nucleus by unclear division. These 
numerous nuclei, witli the star-like areas of protoplasm which sur- 
round them, represent the formative elements of the blastoderm. 
TiCHOSliROFF has, howe\'er, conjectured in the ease of the egg of 
Bomhjx, and Hkn'ring {No. 39) has more definitely maintained in 
the case of Mu$ca that these nuclei in their protoplasmic islands 
distributed tliroughout the yolk-masses have been produced by free 
formation of nuclei.t But this view appears to us altogether un- 
tenable. It is contradicted by the observations of Blochmann 
(No. 5), according to which all the cleavage-nuclei iu Mu»ca undergo 



here dwvage la luperlicinl, and the unie concluaicm » arrived at by Gbabsi 
(So. 33) rrom the condition of the food-yolk in the later stages in Japyx. 
[According to Hkhneouv (No. XII.), cleavage is total in the e^s of Smicra, 
one of the Chalcididae, This is obviously a derived condition, as these are 
parasltio forms and the egg is nourished at the eipense of the host.— Ed, ] 
t [HasKiJJO (No. Xl.)lias since roodiliMi thU stateumnt. SeeaUo footnote 

p. la;.— En.] 
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nilicntes thai ihey 
represent a generation of descen- 
ilaiita of llie first clcnva^-nuclcvu, 
nil lieing nf the same age; and it 
is further disproved by the tlirect 
obaervatione above iiiontioned aa 
being made on some aninll eggs. 

According to Wbikm*m\ (So S9) 
in JOutiiltt bdJ Bi«rhisa aplfm (CVni- 
pidat} ilie tintclMragO'imclmidiviilM 
III tint JutD two nuoloi ubieh Bbirt 
n]Hrt iu tUe directiDn of tlie longi' 
tnilitiitl Kxia nf t)ia eftg, uiil, ■roortlinf; 
to their inntioiiii, are known a> Ura 
BUlcriut and poatutior " pole nuclei."* 
Willie tii« aatarior nnelmu nrmaiu in- 
•etiro Tor lome tinio, tbe poatcrior. by 
a kind oF budding (!), girc* ri«« ta 
nnmetuiii nuclul, wliioh take part in 
tbo fomiatiaii of the bIaalo<l«nn. Tha 
anterior tmeleua, on the couliary, aRar 
tlic completion of the blaitodenn. ia 
uid to |iro<lni;t^ 1>; di<ii<iinii tb« nuclai 
'>r the Bo-eallcd inner genii-oella or 
yolk-cell». 

Tbe process of the fonoatlMD 
of the hlnstodcrm in larger eggs 
rich ill yolk was first followed 
in detail by Bdbbbtkbv (No. 8) 
Olid Gramr ("So. 149), with the 
help of sections. Mom TccontJy 
Blochmanx (No. 5) has made 
investigations on the Muteidae 
with which tlie ttat«ni«nU of 
Heidbb (So. 38) concerning ffy- 
dropltilv* Bgree. The denrage- 
nuclei at first lie at the centK of 
the egg, more or less in the lonp- 
tudinal axis (Fig. 131 A). Kadi 
of these nuclei (/) is surrounded 
by n star-like ranaa of protoplaam, 
and the whole is therafon not 
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unlike a wandering amoeboid cell. Since, however, all these proto- 
plasmic islands are connectwl hy a, fine network of proi'CBaeB, the 
whole egg constitutes a syncytium, the yolk being contained tn tlie 
meehes. Nevertheless, nlthough these formiitive centres are not yet 
distinctly marked off tbey are already' called (though inaccurately) 
eJaavoffe-eelU. 

In later stages these " cleavage- cells " shift somewhat nearer the 
surface of the egg, and become arranged to form a sphere (Fig. 130 ^, 
131 B) almost parallel to the latter. In sections of the egg they 
therefore appear arranged as a circle (Fig, 130 A). Gradually, during 
further processes of division, they reach ihe surface of the egg and 
juso wi li the peripheral protoplasm found there (Figs. 130 li and 




131 C). Division into 8e])arate celt- territories corresponding to the 
deavage-nuclei now takes place (Figii. 130 C and 131 D) by the 
appearance of furrows that press in from the surface, and gradually 
traverse the whole of the peripheral protoplasm (Fig. 130 D). 
After the surface of the egg has been covered in this way with an 
epithelium (blastoderm), there follows, in many Insects (Cliiriniawue, 
Mutca, HijdrophUui), the separation of the so-called inner peripheral 
protoplasm (Fig. 130 D, i), i.e., of a layer of protoplasm containing 
coarse granules whicli develops bclvreen the blastoderm and the 
central yolk-moss. By taking up this layer of protoplasm, the 
blastoderm -cells increase in height, and now form a cubical or 



cyliiiOrica) epithcliiiin wliich continuously covers llie surface of 
Ihe egg. 

Tlie [loiDt Ht nliioh tli« ulMiage-oelU lint reach tlis lurhre variea in Ih* 
ditTercnt group* of InucU. lu iIid Uvxidne, ucoiding to QtUBEU, tlio fonuatioa 
of lli« blutoilenn lirat commcncHi at the poatfrior jiole of th» tgg, wUilc in Jpit 
(K0WALBV8KT), Fifrit (BuBRjniK-v, No. 6), and rhironomut lU'r.ltMAXK, 
No. 89), tlie llrst liUatoderm-cells were uutic«d at the anleriar pole. In ffydn- 
pMiluB [He[|>ii>, No. 33] the blutodcmi first forms round the mJddU of tb« egg 
u a tnuiverHe giidle, eomewhat ueirer the [waterior pole of the egg, and derttops 
lut at the iwlee. In BlaOa (Whrklkk) and Oryllolalfa (KoHorSBrr) the Srat 
cella fomiiug the blastoderm appear on the future ventral anTraoo. Ai it U at 
tliii tide that the rudiment of the germ-band arisiea, the eartj appearance of the 
lilaatodenn -cells at this part recalls Lhe premature development of the bliaUdvna 
nften occurrin); in the CrusEacea in the region of the emhiyonic germ-toua 
(Vol, il., p. H6X A similar development is fouud in Otattttktu (Aters, Ko. 1). 

A method of blastoderm-formatiun diGTcring somewiiat from the 
ubuve and more iiomiid type bas l>een observed in some Orthoptcn 
(Blatta anil Gnjtlotatjia). As n rule, the " cleavagc-celU " inciuiuo 
witliiii the food-yolk so rapidly that when they rcmcli the Burfacs 
of the egg tliey are closely crowded together, and here at ouce 
i-onstilute u continuous upillielium, Iriit this is not the com in 
Ori/llolalpa (Wbismank, No, ^9, and Korotxkpf, Xo. 4T) and 
in lilaita (Wukxuer, No. 98). In these forma the first "cleavage- 
cells," which are comparatively few in 11 umber,*' migrate to the 
ventral surface of the egg and there multiply so thai separate cell- 
islands are temporarily formed. Only in later stages do the cleavage- 
ceils, greatly increased in number by division, become distributed 
oquolly over the whole surface of the egg. It wsis maintained by 
Wheklkr that, in lilatia, when the amoeboid cleavnge-ceUa had 
rtfrtcheil the surface of the yolk, their nuclei no longer abowed 
mitotic division, but here (as well as later in tlie seroia) multiplied 
by <liroct or amitotic division. 

The question aa to the origin of the so-called yolk-cells or vitdlo- 
phags is of importance. It ha» l)een observed that, as a rule, not 
all llie "cleavage-cells" ahift lu the surface to take part in the 
fonnation of the blastoderm, but that a few rcuaiii behind wlUiin 
the yolk (Fig. 130 D, di, and !31 C, V, t), where they increase in 
number, obtain equal distribution throughout the yolk, and become 
the so-called yolkcelU, whose function is to liquefy Ihe mase of 
food-yolk and to bring al>out ils nssimilation. The origin of the 
yolk-cells from cleavage-cells which have remained in tiic yolk baa 
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recently been definitely maintained among others b; Kowalevsky, 
Blociuiank, F. Schmidt, and Grabbr (No. 28) for Muecidae, by 
Wheelkb for Dory})hora, and by Heider for Hydrophilus, Patter, 
on the contrary, has proved in connection witli the egg of a Phry- 
ganid {Nmiphylcur), and Wheeler in connection with that of Btaila, 
that in these forms all the "clcavage-cella" migrate to the surface 
and take part in the formation of the blastoderm, ao that there is 
a at>^e at which tlie surface of the egg is covered by tho blastoderm, 
while the centre of the egg is devoid of nuclei. In these cases the 
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so-called yolk-cells only appear later, single blastoderm -cells wander- 
ing a^^in into the interior. As we shall see later, even in the 
forms first described, a secondary increase of yolk-colls takes place 
by immigration from the bhistodenn (or from the germ-band), 
these forms, in which all the cleavage-nuclei reach the surface and 
in which the immigration of the yolk-cells only takes place later, 
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perhaps rcprefient the primitiTe condition, whilo in im^at Insects 
there ia a kind o£ abbreviation of development whicli ciiums some 
of the ceUa to ramtiin within the yolk from the first Cf. id this 
connection the formation of yolk-c^IU in the Crustacea (Vol. it, 
p. Hi), Arachnida (pp. 43-45), and Myriopodu (p. 221). 

In the cue of the AphuUu iiiso, Will (No, 9' i hu maiiitainvd tlut tJiv f olk- 
celU ariae exclmivel; tlirou{(h the imniigrnlion uf cells ^m Uie blutodfnn 
during its formation. 

As & rulp, >ll the lilutoderm-oellB ate at drat of tlis ume shape and size. An 
exception is aflbrded by the e|i:g« of the Diplera, ia which the so called |»1«- 
cells, to be described later (p. 3G2], vhich ivprescnt the early differentiation of 
the genital niditneut, prcBent lu with elements which Tor a moment, indeol. 
are incorjiorated in the blastoderm, but are distinguished by their aiie and tb«tr 
contents from iIih blsslodcmi-cells [c/. Fig. 174 C, pt, p. 3S3, and Fig. ITS S. f, 
p. 35) ). 

3. The Formation of the Embryonic Rudiment and the Embryonic 

InteKuments. 
A. General Tlsw of the Qerm-baod and the Qenn-Dnvelopea. 

The embryonic rudiment in the Insectn, as is often the cose in the 
Arthro[KKla, iakm the form of a lon^^ band-like thickening, usually 
extending along the ventral side of tlie egg, this being known aa 
the ffenit-banil, embri/otiie Imnd (Fig. 134 E). In most cases the 
boundaries of the future body-segments arc already indicated on 
this band by consecutive tra:isverse furrows. A cross section through 
the geim-band of nn insect (Fig. 133 B and C) shows it to be mtilli- 
laminar. It consists* of an outer layer of cells, the rrtoderm (nr). 



uent in coatisdiitinctiou Ui the tnuiailory portion of IM tgg, which com- 
a the food-yolk witli it* vileilopho^ and the embrynnio envdojira. ijucli 
a ose of the l«mi "fcenn-band " ia universal in conneclluu with llie ArthrDtwila. 
It should, however, be pointed oat that in the Hiruilinea (Vol. i,. p. 321) tiito 
term i« tued iu auather sense, and only embraces a port of the enibiyoiuc 
rudiment. Indeed, the u|>r«wiou "genu.baud" ii occasionally nseo) u Xhr 
*c|nivaleut of " nicaodBrm-bond*." 

i According In the published statements, we rnust luanme Iliat ocllnlai 
embrvoiiic unvclnpea are nut iireaont in tliu Apteryip^nnL Thry air »*<d lu I* 
wauling in tht Podttri/lar. (Uuamin. "So. 83). A ciitlcnlar larvsl inl(^^nl«nt. 
■noh as i* repeatedly found iu other groups of Arthropuda (Arachnida and 
H;rrio[io<ia. pp. 9, 5S, 97), is aaid to fomi in this our. This nuif be pravidMl 



with protuinencea to UMixt in splitting the e»{-ii 
has bpen deflnitcty i>roT*d by the observation* of So 
(Ko. EIJ, Indeed, it appaart that the Podnrid enibr^o ;a »tu a Uir«iigh aeTOal 



rnonlU before hatdiing. From this loot the abimice iif the amnioD might be 
concluded. Umamii (No. 33] who obaerved a donal organ in Jofjfx whitli 
oDcun in the aame way in the PoduHdae, are* in tliis a proof of the pf ia t w w 
of the amnioD. Since, however, in the Peduridae, thii organ develop* in lh> 
eailint stages of the formation of the germ-liand, it necms doabtfiil wbetlnr 
we may compare it with the donal oiwana dcvaloiuDji by the Involution of tha 
n the biKb*r Inaacts (|i. 301), We niiint tbmforr anall hirthw iavtfli- 
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gallon* of ihctc {wintt. (8re p. 
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THE GERH-BANr AND THE (iEilM-ESV ELOPE. 
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and an inner layer which coiujirises ■" 

the mtoderm and tlie megoiteriii, 
uid as loDg as these two germ- 
layers are not sharjily distinguished 
one from tlie otiier, this is known 
as the inner or lower layer (u). 

It is chnracteriBtic of the Insecta, 
hut only rarely occurs in other 
Arthropod a (e.^., in the Scorpioncs, 
Fig. 3, p. 5), that the germ-hand 
does not remain freely exposed on 
the sorface of the egg, hut is grown 
over by an amniotic fold rising 
from its edges {Figs. 132 .-1, a/, 
and 133 B, of), so that the former 
appears somewhat sunk helow the 
ventral surface. As the amniotic 
fold extends from all sides over 
the germ-hand, a cavity is enclosed 
between the two. This is the 
amniotic cavity (ah), which, when 
the amniotic folds have completely 
covered the germ*band and have 
united over it, appears as an en- 
tirely closed cavity (Figs. 132 fi and 
133 C). (.See footnote t, p, 268.) 

The germ-baud, after its develo])- 
ment, thus appears covered by a 
double cellular envelope derived 
from the amniotic foKI. Tlie outer 
of these two envelopes is distin- 
guished as the serosa {•>}. This 
passes without any break of con- 
tinuity into that tmdiffcrcntiated 
portion of the blnatodemi which 
takes no part in the formation of 
the gcTTU-hand (Fig. 132, a), and 

Flu, 119;— TnniiTiina KcUou (bniu«ti three eoDKcutlTt lUgti li 
Kmn-lMnil uid tbc eiubtjUDh: mvelopei ot iii luHCt-embiro, A, fonulion 
pUu tfv) (ii-l Uit gutnili-liineliiilion (t). B, ri» ot the amnloUc fold (n/). C, complDM 
ottr(ra<rlt> of tli* fenii-baBd by the sniaiotle ttMt. v, veutnl, d , doml iiubce ; a/, unnlotlc 
KM; a*, amulotlc cncLI)': an, iiimlOD; U, bluloderm; hp. innitnl pUU; ilo, food-yolk i 
f, eetffllBriu : y, giiitnil».lnY»BiD»liou ; j, wrora ; u, [oww lnytr. 
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which covers the surface of the food-yolk. This part of tho hloslo- 
derm, after the completion of th« onvelojics, ie usually rei^koned as 
part of the serosa, so that in litis sense we can say that the serosa 
forms a closed sac covering the whole surface of tho egg (Fig. 
133 C, «), one part of it enveloping tlio surface of the food-yolk 
and the other that of the germ-band.* 

The inner of the two envelopes covering the germ-bond which wu 
derived from the inner layer of the amniotic fold is known as the 
amnion (Figs. 133 and 133, am). Thi?, at the edges of the germ- 
band, la continued into the ectoderm of the latter, the transition being 
in moat cases quite gradual. The aiunion and the ectoderm (f(r) of 
the germ-band thus together form an epithelial sac cloaed on all sides, 
the lumen of which is represented by the amniotic cavity. 
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The origin of the genn-hand is to be sought in a thickening <A 
the blastoderm on the ventral side of the e^ (Fig. 133 A, h^ 
While, as was mentioned above (p. -66), the blastodermic cdls 
originally exhibited the same eha)>e and size over the whole earface 
o( the egg, they soon become diHerentiali-d in such o way Uut the 
colUof the dorsal side Batt«D to form a thin ]<avement epitheliunt, 

* Tlif fut tliat Grabkr (No. 27} o1>iietTc<l in MtlaUvtha tlia swraticm of 
• cnlicl* froni tlie onter mrTacc or t1i« umM, nftrr llic oomiilettou uf tb* 
i]«viilo]ini(inl of til* BTnbryonio tnwlopea, dntrvri mcnlion. k certatu pinllvl 

-—'--« fxUt bitweeii thU procou uiil the ■ - • - ---•.• ■ ■ .._ . — »_ 

IB CmituM Btid other Arthropoda. 
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■wliilc the cells belonging to the ventral side, owing to their more 
rapid division, become crowded close together, nesume a prismatic 
form, and thus constitute a columnar eiiithelium. The ventral 
thickening of the blastoderm that has thus arisen, and which, in its 
extent, represents the first rudiment of the gertii-band, was named 
by Balfour the rentral plate (Fig. 133 A, hp). Tlie invagination 
of that part of the ventral plate which lies in the median line (>;) 
gives rise to the formation of the lower layer. This invagination, 
which at a certain stage represents a groove running along the median 
line for the whole length of the germ-baud (Fig. 134 A and li), must 
be regarded as the gmfrida-mvwjinatifm of the Insecta (for details, 
see pp, 309 el leq.). The lower layer yielded by it {Fig, 133, 
D and C, u) then extends beneath the whole of the ventral plate up 
to the edges of the amniotic fold (Figs. 133 B and 134 C). 



It should he nientionwl titat the vciitr«l plate from it 
in >ll Mites a lujirorm structure, 1)ut sometimes proceeds from several dtatilicl 
mdimenti. Thus it lias been poiuWd out by F. Sc'umiut, in connection ivith 
Jfusea, and 1>y HRiDEn in connection with SydrophiUu, that the anterior and 
poiterior ends of the gcrm-baEd a]>]ieat Gnt-t, the middle pkrt only developing 
later. Another originallj iudependeut element of the germ-band is alfarded in 
BydTcphdui by tiie mdiments of the copha-lic lobes (Fig. ISi A, k), the inde- 
pendent oriRin of which was also oliserved by Will (No. 9") in the Aphufae. 
Theiie originally distinct fonnstive centres only secundsrily unite to form the 
ocrnmoD rudiment o{ the germ. band, 

The lateral delimitation o( the germ-baud seems determined by the rise of the 
amniotic fold, and since, when the amuion is complete, it uonsbta of somesvhat 
columnar cells and, even at later stages, owing to its histological aharaoter, 
more nearly resembles the ectoderm of the gcrm-haud than the serosa, some 
inve«tigators have assumed a closei- connection between the amnion and the 
genu-biud. Will regards the amnion directly as a part of the gernj>band, and 
Gbabkk [No. 30) also derivea the amnion from the thiokened epithelium of the 
ventral plate. 

Ws have used the term " germ-band " in the usnal maimer, understanding by 
it the segmented and already multilamiaar embryonic rudiment (consisting of 
the ectoderm and the lower layer). It is, however, certain that this term may 
Also lie applied in a wider sense, as Oiiaber (No. 30) lias recently insisted, to 
ths embryonic mdiment of earlier sUges, in which segmentation and the fonna- 
tjon of the genn-layei's has not yet commenced, presupi>osing that the embryonic 
rodiment as such is distinctly marked olT IVo-m the rest of tlie egg. 

From the time of its origin onwards, the germ-bond grows con- 
tinually in length (Fig. 134 A to A"), and in many cases extends in 
such a way that it no longer covers only the ventral side of the egg, 
but its anterior and posterior ends bend round to the dorsal side 
of the egg. This extension of the germ-band to the dorsal side may, 
in some cases {Ph-t/yaneidae, Chironomtu), go so far that tlie anterior 



&iid posterior ends almost come into contact (Fig. 141, p. 2S3). The 
germ-band thus nppeais ut th«se early atagca, i.e., roughly speakui|^ 
during the first half of its embryonic development, dorsally flexed. 
In the later stages, in cousequenc^ of the development of organs and 
the more complicated shape thus brought nbout, the baud shortens 
by contmction, so that tinoUy the oral aperture comes to lie at the 
anterior pole of the egg, and the anal aperture near tlie poetcrior 
pole (Fig. 143, m and an). Tlicse ]x>sitions of the apertures are very 
typical of Insect embrj-os at later stages. The embryonic rudiment 
now no longer appears curved dorsally, but is straight. Indeed, 
curvature in nn opposite direction often takes place, the most p08t«rior 
segment of the embryo appearing ventrally curved {Phrygaiuidae, 
Lcpidoptcra, Hydrophilut, Blatta, etc., Fig. 143 C, p. 2S5, and Fig. 
143 B, p. 286). 

GiiADKU {So. 30) haa rcMntly pointed out that the Insects may be diviitnl 
uito two groups, Bcoorilliit; to ihr eitensiun and the iucreau in the leugtli uf 
th« gemi-lnud. Iii the lint groiiji tlie condition! of growth of tbn emhiya 
described aborc prevail, while, in tlie otiinr rorms It.g., Blatta, SltTiatelArtu) tlia 
embryonii: nidimant from the very first extends over only • quite sliort arm of 
the jierijihTy of tlis egg, aiiil during the whole of tho later deTolopment boitM' 
grows in tlie saiue way as fomis belonging to the fint group. In formt in which 
the gemi-hiuid is thort, the donal curvature is nttutally not noticeable in lb* 
varlier atagvi), sod tlio geriu-l'aud sjipvnrx to \>t etraight. The growth of tlw 
cnibryoDic niHinwnt in length als« progrcseci more equally during the whole 
dcvelopnimL Shortening is not perceptible in the Utor sUf^nh Inseota might 
thcieCuro bv divided into (wo gn>u|ie at having, on Ilie one liand, gemi'liaiKU 
wliich ate luug at lint and sburteu later, and, ou the other hand, gcnn-banda 
which rcniiin rrnin l)io linl mniivirBtivrty ihort. Thin diitinclion. liowevw, 
iloci DOl Dppi-ar to UK to be liucil iii"'!! rlilli rcij'T) of niiy iNi|>urtsuuu. 

B. The distinction between the superflcial utd tlie 
immeraed aann-haud. 
The general description of the position and tho origin of the 
germ-band and the embryonic envelopes, given above (p. 2G8, elc), 
only holds good for some of tbi- Insecta. These conditions are to bo 
found in many Urthoptera (Ul'ifta), the Phrj/^anri'iae., Lopidoptan, 
Rynienoptera, many I'iptera {Clmvnvaiuf), and to aomc ext«nl in 
the Coleopteru. In details, however, an abundance of rariaUons 
which will be mentioned later are found to occur; these may be 
traced back to the shape of the e^, the amount and distribution 
uf the fuod-yulk, and also to some exicnl to tho vestigial condition 
of the embryonic envelofiea. In other groups of Insecta {Pseudo- 
neuroplerii, Hemiptera), on the contrary, we fuid that tho pheDonieoa 
manifeatctl in the formation of tho gcim-band and the embijoaic 
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envelopes, cts well as tlie position of the former, differ still further 
from those which we deacribed above, and which we took aa a 
starting-point for the aake of cleam&Ba. We miiat now deal with 
all these conditions in detail. 

From the above description of the rise of the amniotic fold 
(Figa. 132 nod 133, af), it becomes evident that a cavity, con- 
tinuous with the space containing the food-yolk, extenda in between 
the serosa and the true amnion. It is thus possible for spherules 
of food-yolk to pass into this cavity and entirely to fill it (Fig. 135), 
In this case the amnion and the serosa are separated from each 
other by a somewhat wide space filled with food-yolk, whereas, 
in other cases, where the food-yolk lioes not penetrate this cavity, 




the amnion and the serosa are in direct contact (Fig. 158 B-F). 
We may thus divide the eggs of Inaeeta into two groups, according 
to the presence or absence of this space between these two embryonic 
envelopes, 

1. I^gs in which the germ-band is superficial, i.e., in which the 
elements of the fond-yolk have not penetrated into the space between 
the amnion and the serosa. The germ-hand is here comparatively 
superficial (Figs, 132, p. 267; 133, p. 269; 140 A, p. 281; U3, 
p. 286). 

2. Eggs in which the germ-hand is sunk or immersed, the space 
between the amnion and serosa being filled by particles of (ood-yolk. 
In such cases the germ-hand appears, as compared with type 1, more 
deeply sunk within the egg (Figs. 135, 136 C-E, and 142, p. 285). 
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The germ-banif is Biiperficiil iu in*lij Ortliujiter* [Ofe"ilh<ii, Grpltolalpa, 
Blatta, ilatUii), in nuiiiy UDmipUra (LVirij'ii), in tho PhrggantiilM, the Di)ilen. 
SQil the Hjnieuo|itera. In tbt- Coleoptcn (Iso, tht greater i«rt of ths gma- 
buid appMra inp«i-haiiJ, but its pcMtsrior end is in tlin Tint stagu iramsned. 
An immeraHl germ-bwi'l ncciira iu tlio LihcUulitinf, iiibuj Hpiiiij'tvra t/VrrAo- 
coris'i, mauy Ottliopttrn ISItnobolhriia), unci in tlii" Ii('|ii'|i>|i1''iii. 

0. Tlie dlBtinction between the isTagiiiEited Qerm buid and the 
Genn-buid tliat has been oTergrown br the Hembranes." 

With reganl to the luauner in which the germ-bond ariees and 
to it> iKtaition, there nre two opposite tyjies among the InsecU, 
these, however, being connected by meona of tmnsitional forms. 
In the one type the yentral plate is invaginated into the inner 
part of the egg, and in the other the amniotic folda rising from 
its edges grow over it, 

1. When the germ-hand during its fomiatiou is invaginated, e.g., 
Libellulidae, Brandt (No. T), its first rudiment apgiears in the form 
of a small thickening of the blnstoderm lying ventnlly in the posterior 
half of the egg (ventral plate. Figs. L36 A, bp and 137 .4), in the 
posterior region of which invagination soon takes place (Fig. 136 A, 
kh). The lumen of this invagination is the first rudiment of the 
amniotic cavity (Fig. 136 B, ah); the thickened ventral portion of 
its wall (k) forms the germ-band, while the thinner dorsal jiortion 
gives rise to the amnion (Fig. 136 B, C, aw). The blind end of the 
invagination denotes the later anal end of the germ-hand {k'). Since, 
however, the invaguiation grows from behind forward iu the egg, it 
results that the primitive i>oBition of the g^rm-band np|ienrs to be the 
exact reverse of its later position, its jioaterior end becoming fotwaidly 
directed, while its cephalic end liea near the jioatorior [lole of the 
egg. In a similar way, that surface of the germ-band which was 
primarily on tlie ventral anrfnue of tlie egg becomes secondarily turned 
towards the dorsal side of the egg, so that the ventral surface of the 
developing embryo is now seen through tlie dorsal wall of the egg. 
To bring the germ-band into its definitive ixwition the process 
described as reversal, rotation, eversion, or revolution, which will 
1)6 described below, is needed. 

It shoulil Iw meutioDcd that in eggi of this Iji>e tlie anterior end ot th* gmn- 
band, whicL Is dialiDguished b; the vitfnaioD or tlir Mjihalic lubes (Fig. IU 

* On thie distinction rtsU the division of InsM'ts into tboM with inner and 
thoM with mitfr gprmliaoile (initor and outer gcrtna, or (otobhutie Mud cet»- 
bUsde forms, Gkaskh). (Siuhkk ha* recently suggesMd Um tsmis •■toptis 
and Mtoptk germ- forma tioD to dfSRribo thcw enlq^ts. Wa havs Mt adofitad 
thiae teriDs, becaiiee tiiaj are liable to cniifluiaa trilfa the snpsfMsI and 
iaunensd gena-Lsads, givm above (p. 879). 
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C, D, t), does not take part iu tlic process of invagiDation. It remains on the 
true ventral surf«co of tlie a|g, and ouly lietomes covered by the growth of tlip 
embryoaio envelopes (a/) talcing place in tlie uaiial manner. Thus the relation 
<if tlie anterior portion of tUa genn-liand in tliis tyjie «iir»ers to the description 
given below for the second tjpe. 

2, When the formation of the gevm-band is accompanied by the 
groming over of an amniotic fold, the ventral plate, antl the germ- 
baiiij which develo])a out of it retain tliroiighout the course of 
development the position which is typical of the later stages in 
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all Insect eggs. This tyt>e of development which is exenipHRed in 
the Diptera (0/iiroiiomuf, Simutia, Ceetdomyia) is the one alrea<ly 
dewrribed (p. 26S, etc.). The germ-band in this case essentially 
belongs to the ventral side of the egg. Its anterior end corresponds 
to the anterior jiole of the egg, and its posterior end to the posterior 
polo (if wo do not take into account the dorsal extension mentioned 
above, p. 271), There is therefore no reversal or rotation in this 
cose. The embryonic envelopes are foimed by simple folds which 



rise from the edges of the genn-band (Figs. 133 aud 133, pp. 267 
&Dd 269). 

If we take into t^onaideration the position of the gcrm-1»ind at 
the time of its formation, the two types here distinguished might 
also be defined as a type with the gi-rm-baud inversely placed, and 
one with the germ-band normally placed. It would he still eimplar 
to define them as types eitiier with or without the rsTersal or rotation. 
It might indeed be objected that, in the germ-band that is overgrown, 
changes of position have also orcosionally been observed, and tlteae 
are often very difficult to distinguish from true reversal or rotation. 

In the order Coleoptera, we shall find fonua in which the fonna- 
tion of the germ-band affords a direct transition from one of th« 
types above distinguished to the other, 

D. Inaecto with Invafiiuited Otenn-bajid. 

LibellnlidM. We shall lirst constdLT the egg of the Libeiluli-Itu 
(A. Brandt, No. 7) as the best representative of this tyjie of develop- 
ment. This family, as we ehall sec below (p. 28t<), seems to exhibit 
conditions which might be direct modifications of those found in 
the Myriopoda, and which must therefore be regarded as the ut>r» 
primitive. 

In Calojiteryx, the first rudiment of the germ-band h found in a 
thickening of the blastoderm (ventral plate) lying in the posterior 
ventral half of the egg. The most posterior portion of the germ-band 
soon boeonics pressed into tbo egg (Fig, 137 A, g). While this 
invAgination, which by many authors is called the genn-promiimue, 
continually deepens, it becomes directed forward and grows out 
towanls the anterior pole of the egg (Fig. 137 li and C). The lumen 
of the invagination is the fi.rHt ntdiTnent of the amniotic cavity. 
A difference in the thickness of the two walk of the invoginalion 
is very soon perceptible. Tlie dorsal wall which represeiiU the 
amnion (am) becomes gradually thinner and ite cells flattt^n, while 
the otlier wall thickens and represents the actual genn-bund (/w). 
Almost the whole of the germ-band ia here invsgiuatcd into the ^g, 
its posterior end jwlnling forwartl. Only a small part of the band, 
its primitive anterior end, letAins for a time the superficial ventnl 
position of the original thickening of the bisstoderm (Fig. 137 C); 
this soon broadens out to form the cephalic lobes. This part nov 
becomes completely grown over by a circular amniotic fold derived 
from Die surrounding blastoderm. When this circular fold cloM* 
over tha cephalic lobes, the amniotic cavity if cut off fi«B the 
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exterior (Fig, 138 A). The thin layer of the blastoUerra surrouudiny 
the egg, which has retained its superficial poaitiou, now repreEenta 
the BerosB. 

In the subaeqiient~8tage, which la characterised by the poasesBion 
of limb -rudiments, the remarkable position of the germ-band can 
be distinctly recognised (Fig. 138 A). We see that its cephalic end 
(v) is directed towards the posterior pole of the egg, while its hook- 
like posterior end (o/i) is directed towards the anterior pole. We 
van also see, from comparison with cither stages (Fig. 138 C), that 
the ventral aide of 
the germ-band on 
which the limb-rudi- 
mente form is turned 
to the dorsal side of 
the egg. The defi- 
nitive position of the 
embryo is brought 
about by a process 
of reversal or rota- 
tion of the germ- 
band, the embryo 
undergoing rotation 
round its transverse 
axis, and being at 
the same time evagi- 
nated from the am- 
niotic cavity (Fig. 
138 B). This pro- 
fess is commenced 
by the fusion and 
subsequent rupture of 
the amnion and serosa near the cephalic region. This rent gives rise 
to an opening into the amniotic cavity at the ver}- point where the 
original aperture of the invagination was situated, and through this 
aperture first the head and then the consecutive segments of the 
gerra-hflnd emerge and become applied to the ventral portion of the 
egg-shell, the head shifting towards the anterior pole (Fig. 138 C). 
In proportion as the embryo emerges from the amniotic cavity, the 
latter diminishes in size, and finally completely disappears, the 
embryo being now only surrounded by the egg-shell. 

As the germ-band now lies on th« surface of the egg, the area 
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ocL-upied by the serosa has become conBiderably dimiiiUhed (Ffg. 
138 C). Thia envelope noiv contracts towards the anterior polu rf 
the egg, thickening considembly at tlie same time (Fig. 138 C, m). 
In consequence of tbU contraction, the edge of the rent where the 
serosa ond the amnion coalesced and finally the amnion itself are 
ilrairn anteriorly over the food-yolk (Fig. 138 C, k nnd am), to 
that the two onvolopes 
together finally form 
a sau lying donally 
to the I'mliryu ; thU 
fine is lilleil with (ocmI- 
yolk, and may lx> 
deRnod as a kind of 
(dorsal) yolk-sac. A» 
the lateral and donal 
part* of the embryo 
n-jw develop furthar, 
the contents of th» 
yolk-sac are tak«n Up 
more and more into 
the intpt>tinal c*vity, 
which conimiiniotes 
with the sac, and sr* 
used up, BO that finally, 
by a process to ba 
ilescribe*! later, the 
seroaa itself is (appar- 
ently) drawn into tho 
embryo and assimilated 
(p. 30«). 

iuvagiuliuii vkiuli 
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Silica tlic gcmi-tnnd of the LiUlMiJm uiaei by ai 
grom inlu the inlvrini' ol tlip egg, it ii sren tlist the a 
bvre Mjianl'd l>y a nida a)iacn filled with food-yolk. Tho gFttn-laiiil of tba 
LtttHoliilat is tbcrcfon iumcreed. It* wpbalio nnd, hownor, ia viM|>lnl 
(rom tliia iimnvnioD, and ao Iwlon^i to tha tuperlicial tjjw. 

Bhynchotft. Tlie lygie of development of tlie genu-band describtd 
alMVc for the: I.tMlaluiae occiits also, a^ far as is at present known, 
in aU KhynchoU. MBT^CHmKOiT (No, 65) and liiuxuT {So. 7) 
thurt found in Hytlrmnetra, and Gradbr (No, 37) in Pj/rrhoetfru, 
conilitiona of Uevelopuitnl of the egg which in all important point* 
agreed with those observed in the LiMlalulae. 



INSECTS WITH tKVAOINiiTED OSRU-BAND. 

A modificatioD of tlie tjp« doscrib^ is met with in Curixti (METsctiNtKoPF, 
No, SB ; BiusiiT, No. 7). In Iliis forni the germ -prom inenco, whicii beeoiiiM 
invagiDitrd at tlii^ posterior pole, ia indeed blsa at lirst surrounded 1)J food-jolk, 
but verj »onB becomes closely applied to the dorsal side of the egg, so tliat 
the seroin and the amuion are here in rlose contact. The germ is cousequently 
not immeraud, but auperlicial. In othar respeota, the process of rolition and 
the acquisition of its dejinitire [Hisition hy the ombrjo occur in exactly the 
same way as in tho LibcUalidat. 

The gem-bands of the Pedicnlina and the Mallophaga also, acvordiug to 
HELNIKorr (No. B3], agree irith regard to position with that of the Libel liilidat. 
But the condition in thesH cases is to some exteot aioipler, as tho ajierture of 
iuragiution into the amaiotic cavity remains iienaaneiitly open. Ad invagiualcd 
germ-baud is also found in thi! FhysapaUt (Dohkn, No. 21 ; JobUj^n, No. 14). 

Tho processes of defelojmiciiit found iu the eggs of th« Pliytophthires form 
■ direct sequence to those described for the LibeUiilidac. The deacriptioDt 
giTcn hy MBTsctiNiKoPF (No. 5S) and Baakot (No. 7) of tlie derelopment 
of the TiTigiarous Coaulac (Agpidioltts, Leotniam) show almost complete agree- 
ment with the Libeiltilidae 1 and the i^ffiito alio, according to Mrthcumkoit, 
aeem to follow the same courw. Certain peculiarities, on the other hsud, are 
shown by the summer eggs of the riviparouB Aphidof. nbich pass through their 
development within the egg-follicle. The eggs of tliese forms that develop 
parthenogeneticAlly do not, as Will (No. 97) hoe {lointed out, undergo the full 
process of maturation found in other iuseet eggs. The former exiiibit a pre- 
cocious embryonic development, which commenues at the stage when only the 
very drat phenomena of maturation are to be found in the appearance of anuiH 
drops of dcutoplssm. After the development of the blastoderm, the egg containa 
only a small amount of food-yolk, which soon disappears {prinary /ood-yolk. Fig. 
139 A, do), and in which single yolk-celts are found. Iu the stages that follow, 
however, Ihe embryo is provided with a fresh roaas of yolk (secondary yolk, 
jneudmiUllas, ad) through the development of a kind of placental formation from 
the follicular epithelium of the parent (Fig, \^iA,ml), At the posterior polo of 
the embryo, at which the formation of the btaitodenn is not fully completed, and 
where oontequently there m a gap in tho blastwlenu,* a fusion oocurs with the 
corresponding pan (z) of the follicular epithelium (/). A mus of oells here 
doveloiia by repealed division aa an outgrowth of the follicular epithelium. This 
mass, liy the degeneration and oompUte disiutegnttiou of the cells composing it, 
becomes transfonued into an accumulation o[ yolk-spherules [Ktondary yelk), 
and tho yolk.material thns produced is projected into the interior of the 
embryo through the gap in the blastoilerm (Fig. 139 A, td). The secondary 
yolk-masa, which thua comes to lie in tliu primary body-cavity, and into which 
yolk-cells {dz) soon wander from the embryo, remains for aonie lime connected 
by means of a strand of yolk with that pa-rt of the follicular epitheliiuii fhim 
which it originnted. 

The development of the germ-baud takes place in the Aphidae by an 
inraginAtion al the posterior pole in exactly the same way as iu the l^cUu- 
lida4. This invagination develops round the gap in the blastoderm already 
mentioned (Fig. 1S9 A). It is consequently not closed at its inner end, this 
being the aperture through which the secondary yolk enters into the interior 

* Thia gap has lieen called the blasto[>ore by Will, and the immigration ot 
yolk-cells proceeding from this point has b«eu assumed to be gostrulatiou, a 
viaw which we cannot share. 
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of tbe egg. Only oFter the wcandnrj jalk bas witlnlmwii into the primtry 
body-cavity, sod the counectivo strand has bevn absorbeil, does this Bfwrtura 
or g«p close (Fig. I3S B), ancl the itivat^ustion then usumes a shape oxActljr 
reoalling the corrvapoudiiig stage in the LxbcUuUdae. As thi? rudiment of the 
gena-lHud coDCiuu« to gron-, it develops a liook-liko ciirvatur« {Fig. 1S9 C), 
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a bwki 1, prlmsry h«rtj-«at'ltr; ', ««niai <', Hphallc HroM; 
•. pMnt at wblBta U> •■onudarx yulli toim*. 
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rity, which originally l>eIoDgcd M the posterior pole, in tlie course 
of further development shifts morn to the dorsal side. At the ssnic time, tlw 
niditD«Dt8 of the cephalic lobes (i), irliioh bare arisen as blastodermic thicken- 
ings and vliicb foraierlj lay at the ulterior pole of the egg, shift backward over 
the ventral side ao that finally they extend over Ilie posterior pole (Fi|;. 1S9 ft). 
The whole of this blastodermic thickening is not, as in the Libeltalidiu, 
inclnded in the invagination of the genn-baud, and its true anterior end is 
therefore not at first covered by the embryonic envelotjes. Soon, however, 
« ciroular amniotic fold appears anrroiiodiiig the primitive anterior end of the 
germ'band and the aperture of invagination (FiR. 139 D, a/}. This circular 
fold at the time of its rise consists, like every other amniou-fold, of two layers 
<amnion and serosa). In the course of further fjrowlh, however, the serosa 
outstrips tlie amnion, so that the cephalic lobes appear covered by only one 
epithelial cell-layer, the so-called ciphalir serosa {Tig, 139 B, i').* 




oT til* fgg. 



The other, later j^ocesaes of dovelopnient— the rupture of tlie cephalic 
embryonic envelope, the evagitiation of the uitilir,vu tlirongh the aperture 
thus produced, and the rotation of the gefra-band occur in just the same way 
a« in the Libillulidnt. 

Tlie ontogeny of the Aphidne has beeu described chiefly by liltAHDT (Ko. 7), 
M«T8CH.viito(fp (No, 66], WiTLAcziL (No. S8(, and Will (No. S7), lu the 
•hove MTOUnt we have principally followed Win.. 

* Thia is a cafle nf the imperfect development of the amnion, such aa has 
boen asserted for certain Hymenoj>tera. It should lie mentioned that the acconnt 
given by Bii.iNDT maktrs it appear possible that the embryonic envelopes in the 
c«ph«lia region in the CiKeidac (and perhaps even also in the Liitllalidae) 
develop in the way descril'cd by Will in conuectioo with the Aphidae. lu 
this Gate, in these forms also, the enveloi>e covering the cephalic region would 
MDfitt of • tingle layer of celJa. 



In tilts type of ilevelopmcnt wo must niso include one of tJii- 
Uryllidae, Oecanthus, although by so doing we plaM tliis form in 
opgwsition to the otht^r Orthoptero. Ilk this genus the first nidimtnt 
of the genn-liand, indeeil, ilo«s not arise hy invagination as ha* 
been shown by AvKita (No. 1), but fomis aa a short ventral )iliitc 
which ia overgrown by the amniotic fold. The inner loyer of tht 
fold (the amnion), as in the cephalic fold of the Aj'hidae, doM not 
lit first (,'row over it as rapidly u the outer layer. The mfom 
therefore at first forms the only complete covering of the germ- 
l>iind. The amnion, however, grows out later under the serosa 
rind becomes closed, so that the embryo is finally covutwl by » 
double cellular envelope. The germ-band is therefore in this CMi' 
to be classed among those which arc grown over by a fold, and 
it is also superficial. It lies originally (and this is the point which 
has determined iia in the above classification) on the dorsal side 
(if the egg, with its cephalic end directed posteriorly (Kig. 140 A), 
and thus in position entirely agrees with Corixa (p. 279). It ts 
therefore obliged, when Die rant has taken place in the embryotiic 
cnTelopes, to undergo a, process of rotation (Fig. 140 B, C, D) to 
OS to Attain its definitive position. This process and th« later 
degeneration of the serosa through the formation of an invaginatHMt 
(doTSol tube) show such complete agreement with the processes in 
other examples of this type that we feel juatified in dueing 
Oecantliua among them. 

E, Insects in which the Cterm band is ororgTown by tha 

Amniotic Fold. 
Orthoptera genuinft. In all \.\iv fnmi^ bclnnging to this group 
us yet investigated, with the exception of Orrcmthun, thi- genu-buid 
lies from the first on the ventral side of the egg, with its cephalic 
end pointing anteriorly. In these therefore there is no rotation 
of the germ-lHind. The embryonic envelopes arise throngh tb» 
formation of folds. The germ-baud is in most casoB couipaiativBly 
short (Blotto, CaOLODKOwsKV, No. 19, and WHBBLXti, Xo. 99; 
Slenobothnu and ManlU, Gfubbr, Nos. 26 nnd 30). Only in 
Grijlhtnlpa (Korothbff, No. 47) dwa the genu-band attain a con- 
siderable length, and consequently appears with it« anterior and 
posterior ends bent over towards the dorsal side. In all thrM 
forms the posterior (abdominal) end of the germ-band in Ut*r 
stages appears flexed vcntmlly, as is also the cue in the LiMluOdan, 
Rhynchoto, Oeeanthui, PhTyganeUiot, in many Coleoptero, and to a 
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still grenter degree in the Lepidoptera and certain Hyinenoptera. 
This curvature becomes lost anil the abdomen straightens aa a rule 
oven before hatching. 

It ahonUI be muntionei) that i[i SlenoboChrua the aiiinintic fold fornia >t a 
veiy early jieriod in the developcnent of the germ-bond. At a time vhta 
Kostntlation U cammencing and the rentnl pkta is etill round >nd ihield-like, 
the latter is already gruM'ii over by the amniotio fold (GB-.iei8R, No. 26). In 
Ori/llclalpa, the embryooic eiivelo[ies develop in the form of tn'o folds riaing 
laterally. In Blaita, a eaiidnl fold and paired cephalic folda corresponding 
to th« two cephalio lobes npiicur first (aa in the Ooleoptera). The germ-band 
in the Ortlioplera la, as a rule, superRcial. Only in SteiioboOtnis doei it become 
immersed by the appearance of jmrticles of food-yolk between the two enveloping 
layers, ft condition which we simll meet with ngain in the Lvpidoptera. 




•■ V,K BUMH Slid kCF 
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Diptera. In all Diptera as yet examined the germ band attainB 
a considerable length ; it thus not only (.overs the ventral aide, but 
its two ends bend over dorsnUj, the posterior end extending very 
far forwanl (Fig. 141), so that on the dorsal side of the egg they 
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are seen lying somewhat near each olber (x, /). The later deve!oi>- 
ment, in which the posterior end of the germ-band draws I»ck to 
the posterior pole of the egg, is therefore attended by great shorteD- 
ing of the embryonic rudiment. 

The amniiitic fold does not here arise aimulUneously along the 
whole edge of the germ-band, but a fold first rises round tlie ceplialio 
end (y^ and a second at the posterior end («/) of the germ-band 
{tephalie and camial fold» of the amnion). Only later do folds 
form at the sides of the germ-band and connect tlie cephalic with 
the caudal fold (Chirimomut, Weishanx, No. 87, and KuppntR; 
Simuiia, Mstscbnikoff, No. iS5). 

As tti» eiidn of the gemi'bind are bent ov«r doTwIIy ftnd lie very near eieli 
othvr, tliB cH^ oi thv aninion >l«o, which viae from th« ectoderm in ttont 
of and Iwhiiid tlie ends of the gcrm-lnnd (at x and i" in Fig. HI A), li« nnr 
nuh other. It foUowi that the region iu which tlie wrusa lie* directly ou th* 
mrface uf the fwid-yolk (r) is in thue fomi* very limited. Similar conditioD* 
will be met witli iu the Lepidoptcra and the PhrygaHtiitat, 

The gvrm-baod in the Diiitem is throut{hout tiupcrtioial ; only ita niMl 
posterior end, in Chinmaiiiiu and JiitinUia, and poiailily alio in tlie Uuteulat, 
appears h«ut in th* shajiv of a hook anil ennlc into the yolk (Fig. Ill B, k~). 
We have hcrt au approaeh to conditions to b? dascrilied in the Coleoplina. 

The fact that iu a fpw Diptent the amniotic fold* remain inipordiot aikl 
nevw oompletvly grow nvor the fierm-band desorrca n>cDtion. Thi* is the 
cas*, according to Uktblhsikoff (No. G&), in the embryos of the viripaniu 
Ctddtrntyia lirvao, iu whioh the oejihalic and caudal fulds appesr a« ^)dinlentl^ 
but do but Uerelop Hirther. It ia also the case, aocordii^ to KowALEvny 
and OnADKJi (Noa. ST and 28) in the UiacidiK, in irhiah the crjilialio Ibid 
temaitH extremely small, and only the caudal fold develojn •umewhat 
mure distinntly. In the later derelopment of the embryo, three fbl'li simply 
flatten out again and then take a certain pan, u it appears, in the dcnlap- 
ment of tlie doraal integiiraeut. 

Trichoptora. The conditions to be observed in the rounded 
egg of the Phryjaneidae, as Pattbn found in Ntophylitx (So. 65), 
approximate very closely to the normal ty|ie of the Diptora {Chiro- 
nt'iiiwi). The very lung, superficial germ-band here also coven the 
fcreater part of the periphery of tlie egg, eo lliat its anterior and 
posterior ends almost touch ilorsally. We shall see that even lh« 
phenomena of degeneration of the gemi-cnvobpes in the two group* 
belong essentially to the same type (Grader, No. 27). 

Lvpldoptera. The I^pido{>tera also, in the general conditions of 
the germ'band and the embryonic envelopes, aland very near the 
two laat groups. A remarkable i>oint in their development is that 
the amniotic fold forms at a very early stage of the development 
of the germ-hand (as in Steiwbothitit, p. 282), at a time whsQ ttio 
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rudiment of the band or ventml 
plate ia only n round, eliield-like 
thickening of the blastoderm (Fig- 
142 A), from the edge of which 
the amniotic fold rises. Only later 
docs the germ - band begin to 
lengthen, and very soon, by the 
paaaage of food-yolk masses be- 
tween the amnion and the serosa, 
Itecomes immersed (Fig. 142 B). 
Since, as in the Diptera, incrcnsing 
length leads to the sharp dorsal 
curvature of the germ-band, and 
since the amniotic cavity follows 
this curvature, that dorsal portion 
wltich represents the connection 
between the embryo and the germ- 
bands appears to become more .ind 
more limited (Fig. 142 C, at .'■). 
There thus develops a dorsal um- 
bilical passage which is here of 
UgniAcance in so for as it repre- 
sents the passage through which 
the food-yolk mass taken intti the 
interior of the embryo communi- 
cates with that lying l^etween the 
amnion and the serosa. Taking 
into account this feature, it might 
bo said that, in tlie Lepidoptera, 
the embryo is surrounded hy a 
yolk-sac connected with it throu^'h 
the dorsal umbilical passage, 

Hymenopteni, In tlie Hymen- 
opt«ra, eonijitions are found which 
agree in essentiala with those 
described for the Diptera. The 
germ - baud here also is always 
euperlicial, and is covered by a 
double cellular enveloi)e (amnion 
and serosa) formed by the growth 
ventiKlwards of a. cephalic and a 
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cnmlal amniotic fold (Fig. 143 A). Tbia ptocesa has been deecribeJ 
by KowALsvsKY for Apis, and filiil more clearly by Grabsr for 
Polinto) yallica and Formica, dud more recently for Hylotoina 
berberidis (Nos. 27 nnd 30). In ApU, nt least, the cephalic fold 
seems to take a greater share in the overgrowth of the gerni-bnnd 
than the caudal fold. 




. chkii of laiigiM: tf". tool- 
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Tha f(pnn-lwiid in tlm IIjrmrDoptcra rrniniiii as a rulv comjwntlvpljr ihort. 
I( ia not toDgrr tli*n Ihf V)g; (Fig, U3 ^1, Mi'l iliii* renuiiu rathctod to 111* 
TtiDlrat «<1*. On lh< ithn huid, the amnlnlie nrltf it«cif eotitinuu to extend 
ovrr tli« anteriar uiil poaterior mda a[ tlir grnu-band tnwiriU th* derMl 
■UTfaco, tlini ouiriiig tlie potola wlien* tliv muiiiiin iiiiil'-« with Iht- iwtoil*nn of 
tlM gMB-tWXl {z ud lO gndoaUy to >|ipr(>«i^h oni' .triotiiet, a ran Mtidition 
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■niouj; iLe Inaecla, but one which aiiiwreuUy »1bo occurs in the LcpiJoptera. 
Tlie dorBid iimhiliul ptussge is in this way more and more circuinscribed, iiiitil, 
by the fusing of thvae inner folds sod tlie >h«orptioD or ruptura of tbia BolJd 
con], it is completely ablitei'stod (Fig. 143 £)■ The embryo, whose dorsal wall 
ig duir coniptittsly formed, lies henceforth entirely free within two cellular sacs, 
the outer nne corresi"ondiu^ to the serosa and the inner to the imnion (s, ntu 
in Fig. 143 B). 

Although the presence of a double cellulur euvelo|>e (amnion and setcwa) in 
the Hynienoptem can hardly, according to Gkabrr's recent obseivations, l<c 
doilbtcrl, we must hero mention that other authors eipressly point out that 
only » single embryonic envelojw is present, nliich then must be asaunicd to 
be the serosa. Although some confusion on this |«iDt may arise from tlii' 
&ol that the inner envelope (amnion) liecomes closely applied to the genu- 
hand (Guauxu) and is indistinguishable from the latter, we cannot deny 
the poKtibility that the true amnion at iirst remains stationary, as >vas 
described above (p, SSI}, in the case of the cc|<halic Told of the AphiiUit aud 
OMfinMu* {p. SS2). There wonid then be a sejaration of the amnion from 
the aerosa >l the edge of the amniotio fold, and the latter would grow out 
independently l>y a prooeaa of orergrowth {cf. the description giveu of the 
fonuation of the amnion in the Scorgiions, p. G, Fig. 3). The sanie conditions 
were found in Apii by BOTScnLi (No. 11) aud Graimi (No. 33), also in PaliaUa 
gttlliea and f/uUiadoina mararia by CabkiIire (Ho. 18).* 

We are still altogether in doubt as to the presence and oonstitution of the 
embryonic envelopes in the Pteromalina {tf. on this jioint the accoant tif 
Plitl^gaiUr], in which the endoparasitic life of the emhryo and larvi luia essen- 
tially moditicd the course of the developoient 

F. Tranrition formB between the two tjrpes of developmeiit 

of the Qenn-bond. 
Coleopterft. The ^'enn-btinil oS the Coleoptera, whicli, like that 
of llie Hymenoiitera, tloee not attiiin to any great Icngtli, shows in 
ita anterior and principnl portion (Fig. H4, k) the chameters of a 
germ-band grown over by the embryonic envelopes. It is superfii^ial 
and is grown over by the forwurd extension of a caudal fold (qT) and 
paired cepiialic folds (a/) (Fig. 134 C, of", p, 270), which soon fuse, 
to which are added, in Lina (Cbabkb, No. 30), lateral folds lliat arise 
independently. The posterior and of the germ-band, on the contrary, 
develops entirely according to the invaginatiug type described in 
connection with the Libellulirlae. In Hijdrophilui (Kowalrvskt, 
No. 48, and Hkider, No. 38), at the posterior end of llie rudiment 
of the getnt-band, there is a pit (Fig. 134 A, g, p. 270) which exactly 
corresponds to the invagination known by authors as the germ- 
prominence {p. 2T6). As this pit deepens, the most posterior end 

* [Brniicn (No. n.) has published a full account of the embryolo^ of this 
bee, based upon CAiiRitRs's notes. He finds uuljf one envelope arising from 
the peripheral portion of the blastoderm and persisting for a short time. — En.] 
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of tlie gerra-band develops (Fi^'. 144, k'), bends round dorsalij, uiil 
sinks into tlie yotk. Tlie most posterior part of the germ-band » 
thus here immerecd ; the nnal ?nd is diTect«d forward and applied 
to the dorsal side of tlie egg; in short, it shows all tlie charact«rs 
of the invaginated germ-band <Fig. 144, k). 

TliB gcmi-bADd, in llit Coleoplar«, is tbus originally beiit round iIorMlly 
over Ihv |ioat«riur {rale of the egg. The cephalic end ot the genn-buKl accord- 
ingly U™ «t first soiud diaUuoe from Ihe ■Dt«rior pole (Fig. 131 D, \<. 370). 
It> however, gradually niovi'g tonanl* Iha 
aulerlor pole (Fig. 131 E), vlille the poa- 
lerior end niovB* back from ita duraa] 
eitnation to the |ioBterior j«le. Thia 
shifting causes the {uaUrior iuvagitiatcd 
]>ortioii of the genn-baod to be, as it wcrt, 
drawn out of tbe yalk, m that, finally, tbe 
ecnn-1>snd thtvugUout tta whole length » 
superficial. This shifting of the girm- 
liand cotresponda exactly to the proocaa 
of rotation. In Hydrvphiliu, however, tha 
rupture in tlie einl>ryoiii<i pnvrlo|ias takaa 
place only at a later atag« 

Conditiotu like tlioae jmt dncribed br 
Hgdrophihit are found in th<f other Colaop- 
Ivra, <a may I* gathered with upedal dla- 
tinctncei from the ohnervationa of Oajtasa 
(No. 30) on Li'vi and of Whislh (>*o, 
95) oil IhrffjAora. Hera abo the poMeHor 
end of the gemi-hand ■■ l«nl in dortalljr 
and sank into the yolk. Tlie priiicii|ial 
ditTerHncc lietween these caaca and Uuit «f 
Sydtvphilut i) found in the fact tliat the 
oi'plialic end of the hand ap|mn from lh> 
first iieur th« anterior pnla nf iliii »gg, and 
oonaeiiuently the moriinent accampanyiiig 
rotation is not here to t» obMrvvd. 

We have already jiointn] out (p. SMI 
that the jiostcrior end of the gemi-Uuiil 
in the Diptera ia aunk into the yolk, ia 
the aanie way if irnt to the »anii< ait^nl as 
in the Colooptrra. Wn luTn hen aba the 
last indications of the formation of a germ- 
band by invagination. Tlis |>roMi]c« of 
mv all the condition of NydrofiKdui (and 
Otot'ilhut) awui to indicate that the formation of the gem-band by invagina- 
tion la ths primitive method in th< gronp of Inaeeta, while th« growth *r«r 
It of the awniotie fold repreaente a secondary condition (Will, Xo. 97). Tha 
novrnienl of rotnliou which ntii Iw olMervcd in HydTtipliUui 
is only MU|irehcnsllile on this astumption. 
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O. General Considerations. 

We hm-e seen above (Kiga. 113, p. 220, nnU ll-l, p. 227) that, in 
the MyriopoJa, the gerni-bnnti, as it iuureases in length, is flexed 
ventrflllj and sinks into the interior of the egg. In this invagination, 
which we must imagine to have come abont at first through the 
difliculty of accommodating the long germ-band within the spherical 
egg, we shall have to seek {as Grabbh, No. 149, indicated, and Will, 
No. 97, more recently proved in greater detail) the starting-point for 
the development of the invaginated germ-band of the LibtUviidae. 
We shall therefore consider the invaginated form of germ-hand as 
the most primitive in the Insecta. A careful comparison between 
the condition of the Myriopoda and that of the LiMlululae, indeed, 
reveals certain differences. In the Myriopoda, the germ-band alone 
is drawn into the invagination. In the LiheVulidue, on the contrary, 
in which the germ-band is comparatively short, it occupies only one 
side of the depression, while the opposite side seems to bo occupied 
by a, part of the blastoderm which has been drawn into the depres- 
sion with tlie band, and is then known as the amnion. The part 
of the blaatixlerm not concerned in the formation of the germ-band 
in this case therefore is more extensive, and this marks the first 
commencement of the formation of the embryonic envelopes. 

In the Myriopoda, the [larts of the genii-band not drawn into 
the depression remain sioiply uncovered. In the I.iMltdidae, on 
the contrary, they are grown over by a fold (amniotic fold) which 
arises eecondarily. This formation of folds is a new acquisition in 
the lusecta by which the system of embryonic envelopes is com- 
pleted. It is contrasted hy Will (Ko. 97), as the Mecondary part 
of the embryonic envelopes, to the primary part which arises by 
invagination. We shoidd, however, hesitate to lay much stress apon 
this distinction. 

In the more highly developed and specialised Insect types, the 
secondary formation of folds becomes more prominent, while the 
development of the germ-band through invagination sinks into 
tlie background. The gerra-haud grown over by the amnion is 
thus derived from the invaginated band, and the development of 
the fonner marks an ontogenetic adviince, as the complicated proeesB 
of rotation is now eliminated. 

The cases of vestigial development of the embryonic envelopes 
which have been observed in endoparasitic eggs {Pteromalina, 
Ttuhinidae), in the e^ of the viviparous Ceeidomyiidae, and 
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in the Mtiscidae must be regarded as secondarily acquired, when we 
take into consideration the condition of other nearly related forms. 

We .have as yet no certain data to help us in discussing the 
question of the physiological significance of the germ-envelo|)e8. 
Although the increase of the yolk-absorbing surface may have been 
of importance for the development of the invaginated germ-band, 
this consideration does not help to explain the development of the 
amniotic folds that have grown over the germ-band. In the latter 
we seem to see the influence of an ontogenetic tendency which led 
to the germ-band being separated from direct contact with the inner 
surface of the chorion (or vitelline membrane). This may liave 
afforded greater protection against certain mechanical injuriofs 
perhaps also against the danger of desiccation or adherence. The 
latter hypothesis seems to receive si>ecial support from the fact that 
eggs with degenerated embryonic enveloi)es (CfHdomyia^ Tachina, 
Museidae) are, in consequence of the nature of their surroundings, 
less exiK>sed to this danger. All these conjectures, however, affoni 
little satisfaction. 

4. Derelopment of the external form of the Body. 

A. SegmentatioD. 

The first traces of segmentation are found very early in the 
germ-band of the Insecta, which l>ecomes divided up by superficial 
transverse furrows into a number of somites. This segmentation, 
in the form of consecutive metameres, may ap}»ear as early as the 
very Ijeginning of gastrulation (HyilrophiluSy Kowalevhky and 
IIeidbr, Fig. 134 i4 and /y, p. 270, and Chalicodoma muraria^ 
CAURifeRB, No. 13, Fig. 156, p. 315). The transverse boundaries 
of the segments then extend not only over the middle plate (p. 310), 
from the invagination of which the lower germ-layer arises, but 
lattTally over the lateral i)lates (Fig. 156, *), which become the 
ect«><lerni of tlie genn-Kmd. Those transverse furrows owe their 
origin to the alternate thickening and thinning of the epithelium, 
which at this stage forms the embr}'onic rudiment, the furrows 
corresi>onding to the thin areas. It follows that, in the forms just 
«'numerateil, after gastrulation has taken its course, not only the 
t'ctfxlerm, but the lower layer also, is segmented. 

1 1 EI PER (No. 38) maintained in the case of Hijdrophilun that the 
first iuilications of ncgnientation even precede g:u<trulation. Similar 
transverse zones of the blastoilerm have Ix'cn ol)served bv Whbblir 
(No. 05) in IJoryphora and by Grader (No. 30) in Lifio^ but the«8 



authors interpret tliem in another way not connected with the Inter 
eogtnentation. 

Sueli an early appearance of segmentation as thnt fonnd in 
Hyhopliilut and Chaficodoma must be regarded ns a modification 
of the ontogenetic proces&is founded on heteroclirony. We shall 
have to regard as primitive the condition found in other forms 
{e.j/., Lina and Slenobotkrug, Grasbh, H"o, 30), in which the gastru- 
lation nnd the separation of the lower layer take place in the 
unsegmented germ-band, and the division into segments only occurs 




H, wltb ths rmlimeuts of tlui iruiidlhuUu mid tiro aufUuy wtmcnU, lu ■bleb, in C, 
the tfam thamde ■egiiiebtB HnU tbe t*o tnttrior 4bdcualiiAl Hgment* utf addwl, i', a", 
lint wd Hcoiiil abdamiiiBl iwgniaDti ; of, aiDDJotie (bid ; U, blulopon ; it, Rumdlliiilu 
Ufouat 1 V.l^. theMiuiantiof ttaetwDmullliie; U, eegihilic lobea ; h, monlb; V.H'.f. 
flrit, Hcond, ind third tboraclc Ki^ent* ; t\, eitemilan of tbc ttcrni'biiid la Cba thoncic 
RBIdd ; w. lower liiyfr. 

ntn later stage (Fig. 145). In these forms the se^'tnentation is princi- 
]>fllly noliceahle in the invagiuated lower layer, although probably, in 
all cases, the ectodenn also is affected by it at an early stage. 

In the completely segmented germ-band of the Insect (Fig, 13* K^ 
p. 270, and Fig, 146 A, p. 295) we distinguish two pecuJiarly-slinped 
regions, one corresponding to the anterior end and another corre- 
sponding to the posterior end. The anterior or primary cephalic 
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region corries Ihc oral nperture, »nd is charoctorised 1^>y iU great 
Lateral extensions, the cephalic lobes (Figs. 134, k and 145, tl), 
while the posterior lei-iuinal section, the ao-called anal segment or 
teUon, carriea the anal aperture (Fig- 146 A, a). Between ttiMO 
two regions lies the eegment«d primary trunk-region, which, in th* 
Insecta, seeniB without exception to conaiat of etxt^en segmentA. 
The three anterior of these eegmenta represent the ninndihtihu' and 
the two maxillary segmenta, which are later drawn into the forma- 
tiim of the head (Fig. 146, nid, ni^^, mx^), while the three (ollowiog 
develop into the permanent tlioraciu sfgments (j>,, p.^ i>^), so that 
ten segments (besides the telson) must be reckoneil as belonging 
to the posterior or abdominni region of the Wly. 

T«ii alidoiiiiual acgmeiitH tiigaClicr witli h tdsoii Mcm tfpioal (lirollghaut the 
groii|> o( tlic IniwU. Thiii number hu bcrn oUeri'^il rrc«nlly in Ui« gnm- 
lisiid of JfydrviihilM ly Hkiiikii. aiiil in mrioiis rumis {Linn, Sl^Kabedlmt, 
varioDs Ui'idoptcra, and BylolMmi) liy GntBRR (No. »01. n'HKitutii (No. »), 
CuoLoDKOWaKv (No. IB), and C&RBifeiut (No. 13) faavc all mail* unjlar 
oliMr'atiouB, III tlia later stai^ uf emiiryouic deTplnpnieot, tlii* nombn is 
apt^mitly ID a few forma dcoroaaad to nine, tbe tenth abdamtnal wgtnmt 
fuiJDg with tlia Ivlson. Tbii appears to In th« caac in Ilgdrophiiitt and Lima ; 
in Ih« L«{i)do(itam, aeconlliif; to Grabkr (\o. 30), a nuioii if thu ninllt and 
tenth alidaniinal acKiueiiti takes ]>1ace, tbe tcbou rcniaining indnpcudctit. 

With regard U> the primary erfhalU rtgion, it ahould U mentioned that, 
Ukiu)[ into soooiint the eegiiienlatiou uf thr> brain roovntlj ubMrrnl by PattOI 
(No. 97) and confimied 1>y icvFral other author^ it lias to Iw aMunicd that this 
ragion Ja eompoacd of set-rral Itliree) fused negmenta (^. pp. a'JB S!d on th* 
devvlo|Mneiit of the brain). 

Aiiuther j>oiut to l<e tioleil is that, accordinu to the ■tstemviibi nf niiooa 
autbora, among whom WnKKi.tif and CAUtifcHa dewirve «]>erial mtnlloD (tba 
tortuer in eonnratiou with Dorypkora, No. SS, and (bo lattot villi ChAiicadam», 
Nu. 13), a slightly devvlu|>ed and transitory si'ginent, the so-oatlnl jtrt-sxaiUiiry 
anpuNl, U intercalated IwtvKn the primary Mphalic roj^joii and ihe flfat tiody- 
Kgmeut proper (ivbich reprewnts the niaudibiiUr tcgnient). According t» 
CAKHIkHx, Ibia atriicture n'pn'spnts a vestigial (air of linilu and a cotn- 
■ponding |iair of Teutral ganglia. TUc laltet is Hiil U> bn roiicwiusd In tb* 
fuimation of tlie (<itonni-onopha)^;cal comntinure. 

Tba cephalic lolivs lusally appear very early (Fig. M&, kl). Eren «bn 
Die genn-band ia still altugellier devoid of afgmentatiou, tbe primary oejihallo 
region la already charafteriited t>y the eiinnaious of the cephalic lohai. A 
alight broadening oau also oflan be observed in that part of tin dill iiMig- 
nieuted i^cnn-haud whkli oornapunds to the later thoracic srgminla (fig. lUt 
A and B, Ik). Indceil, Aykim (N». 1} hm ablo l» distinguish in tha stiQ 
uiiKgmmted genu baud of OccaitthBt ■ primary eepbslic region, a maxilUrj. 
• ihoraric, aud an sMumiusl region, thew later region* ot the body bsing 
indicated liy variatioua in the bulk and breadth nf Ihe gorai'band. It is on 
Ihcw ttrit radimeats ot the body-tcgioiu, wliich arc only recognisable ■■ waff 
aweltiiiga of tha lateral couluiir uf tho genu-liand, that Ghahk (Noa. M and 
30) founds his vien ot Ihe priKiars tgmntatUm <•/ the jHteetan i/im >— L 
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Aeconling to Grahbii, tlie law o! tlio ilB¥eli>|im(;iit of tha body-segments Troni 
before baclcward, which hoa been accepted on the irhole Tor the Arthrojioda 
and WHS specially inBi»h>d apoii by BAi.FOUii, (Iocs not apply to the Inrecta. 
In this umai) tlie geriu-l)aiid is said to bre-ak up at Hrat i 
i.e,, the slightly indicated swellings of the germ-liand recnguised by Ayri 
correspondiDg to the permanent regions of the body. The maerosomil 
Bud, by means of a socondaij segnieutatiou, to break up ii 
(the Uter body-segmenta). This peonliar tyiie of segmentation, which deviates 
from that of the othnr Arthrapoda, is to be regarded as inherited from a hypo- 
thetiusl nu;ist form. We, however, are not shle to accept this view. Apart 
fVom the fMct that iu Hydrophiiia (Ueider), ChaUcadtma. (CAitRiliRB, No. 13), 
Mantit (ViAi.l.AKlt«, No. S4J, and X^uHum, odo of the Lotastidnt (U'ltEEl.KB, 
No. 84), there is no sign of any breaking up into masroaoniites preoeding 
defiaitive segnieulatinn, it appears to us that the broadening of the germ- 
band at the part where later the thoracic region deTelops may be trailed Inck 
merely to an accumulation of plastic material, and that it should not thei'efore 
be r^ar<]ed as the expression of a true svgnientation. If the lower layer were 
»l*o affected by this apparent breaking np into maoro«omit««, the case would 
be different. 3iich a condition vaa actually itated by Grabkii to exist in 
SltitoMkna (No. 23), From his mote recant pubiii>ation (^n. 30), howorer, 
it appeam tliat tlie funnation of macrosomites in the lower layer iu Sltnobothntt 
is not quit« distinct. Wo have therefore only the atateiuentd of NusBAtTM 
{No. iS9) in eonnection with Melot and, as no diviaioo into macroaomites is 
fonud in ffyitrophilia and Limi, the point seems to require reinveatigation. 

As a rule, tho development of the Wly-seginents in t)ie germ- 
baud of the Inaectn takes place ftoui before backward. This has 
recently been observeJ, especially by Grakeii (Xo. 30), in various 
forma {Slenohollinif*, Hylotoma, Lino). In Lina, for instance, the 
mandibular and the maxillary segments (B'ig. 145 Ii, k'-k") develop 
first, and in tho next stage the three thoracic segments and the 
tiro anterior abdominal segments are added (Fig, 1 15 0), while 
the other iibdominnl eegniente ouly develop later. In other cases, 
the development of tho segments se«ms to proceed more equally 
along the whole length of the gerni-bnud. Our knowledge is, 
however, very incomplete? on this poiiit. An exception to the rule 
is afforded by Hyihophiliig, in which the development of the seg- 
ments of a middle region is somewlint retarded, while the anterior 
and posterior jwirts of the germ -band develop more rapidly. In 
Piei-ia, accortling to GnAUER (No. 30), the thoracic segments prec&le 
alt the others in development. The maxillary segments soon follow, 
and finally the abdominal segmente form. 
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egmciitatiun of the germ-band u completed, the next 



to be remarked are the development of the 
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Btomodacum and the proctodaeum and the rudiments of the liin1>8. 
The fore-giit and the hind-gut appear as ectodermal invaginations, 
the stomodacum and the proctodaeum, in the primary cephalic region 
and on the telson (Figs. 145 (7, m, and 146 A^ m and a). As a 
rule, tlie stomoilaeum begins to develop a little earlier than the 
proctodaeum in the Insecta (Fig. 145 C, m). To tliis rule, however, 
the Mtiscidae form an exception, if the observations of Voeltzkow 
(No. 85) and Giiaber (No. 28) as to the early appearance of the 
proctodaeal invagination in these forms are confirmed. 

About the time wlien the stomodaeal invagination appears, and 
anterior to it in position, a forward swelling of the anterior eilge 
of the primary cephali<* region is to >)e remarkeil. This is the 
so-called procephaion (Fig. 146, rA*), which represents the common 
rudiment of the laln^m and the cUji)eu», In many cases, this 
rudiment first appears in the form of a small paired prominence 
(Fig. 160, /, p. 326), wliich gives rise later, by fusion in the meilian 
line, to an unj)aired swelling which is still somewhat indented at 
the middle. Thi.« is the case in the Coleoptera (Hydrophiliu^ 
KowALKvsKV, (iiiARER, No. 25, and Heider; in Lina^ Graiibr^ 
No. 30; in Meloe, Xusbaum, No. 63; in Acilius, Patten, No. 67), 
in the Lepidoptera (Tichomiroff, No. 79, and Grader, No. 30), 
in Chali'rodoma (Carri):re, No. 13), and in other forms. Ihe 
rudiment is, on the contrary, originally single in Apis (Grah^i, 
No. 32), in Blatta (Cholodkowsky, No. 19), and in MautU 
(ViALLANEs, No. 84). The rise of the procephalon which, by many 
authors, is called simply the labruni, from a paired rudiment ha» 
reiK*ate<lly led to its U'ing comjwred with a pair of pre-oral apjx^n- 
dages, but the grounds for such a com))ari8on are, as we think, 
insunicitiit This view has Wen adopted recently by Pattix 
(No. 67), who de>orilM.Ml the procephalon simply as the first pair 
of antoiinac, and also by CAURikRE (No. 13). The labrum of 
the Instrta seems lo us to find its homologue in the structures 
called by the same name in other ArthroiKxla (especially in the 
Crustacea), to which the interpretation just mentioned would l»e 
inapplica)>le. 

It slioul*! In* iiiciitioiKMl that, in the early cniliryonic stageti of many IntM-ctjf, 
a ]>rovi.siiinal Ii>\\«-i li]i, arUin^ from a i>uirttl nidimeut, is found just l»cliiu>I 
tilt- mouth. Thi<^ i^ not to he confounded with the |)ennauent lower li|> of 
th« Iii<»«-<t.i, whi<li jiiiot's hy the fusion of the sei-ond i>air of maxillae. The 
|novisionai lower lip \\a-« tirst oli.serv«-<l l»y IJCtmhm (No. 11) in Apis^ an«i 
ealitd liy him thf innii antinnae ; it was found later by TiriioMIUOFF in the 
Lr|>i<hi|>t*'i:i. Heidli; dt>«rilie<l it as the *Materal oral li|«" in BydrophUua, 



.t^ 



may l>«9t bi- compared witli t1i« i«rs^atlis or tlie Cruslacea, ikltlioiigh 
wo are apiNii-uiilly precluded from honmlogisiug it with this latter, 

0. Extremities. 

The limbs app«iir as sac-like swellinga of the surface of the 
s^raents, whioh, as a rule, are directed backward. The antennnl 
rudinienta nnist he regarded as the most anterior pair of true limbs ; 
thia beloii)|!B to the cephalic region, and arises near the posterior 
edge of the cephalic lobes, at the point where these poaa into the 
mandibular segment (Figs. 146, an, and 147, at). It should be 
specially pointed out that the antenna! rudiment, even when it first 
appears, is, as Wbisuakk (No. 87) lios shown, post-oral in position 
(Fig. 147, at) and 
shifts towards the 
mouth only later, 
finally coming to 
lie in front of or 
above it. The an- 
leiinal rudiment, 
in its e:iturnnl 
appearance, de- 
velopment, and 
position closely re- 
sembles the other 
linib-rudiDients. 

Wiishasn'k ini- 
pottsnt diflcovery 
tlMt the auteimal 
rudiment is origin- 
ally pQBt-oral ill 
pomtioD baa I'eccDtly 
been eontiniicd by 
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,gi.U (atWr 
(Gbabrii, Nd. 25, 
and HiiDEii, No. 38, 
for SydTop\ilua; 
Pattmi, No. 67, for 

iieiJ^VK/GRAIIKR, 

Ko. 30, ht Slenaioikrat, Lepidoptera, HyJolmaa; NusBAl'kf, No. 63, Tor Itelot; 
Whulrh, No. 96, for Donjphora; CauriKke, No, 13, for Chalicodmait, etc). 
This position, aa well aa the agreement iu farm lietween the autcnnnl rudiment 
■nd tbe other limbi, Unda imporUnt support to the view we have already 
eipreued in eouuection witli Peripatus (p. 186, etc.), and which also applies to 
tha Inaecta, that tbe antennae are stmctures lecoDdarily Ghifted to a potition In 



front or the iiiDiiUi, Kwi tlmt llicj ar« entirely linnianomoiia with ihe oUier 
trunk -limlia, and ciniiot therofore Ih triuwl back to the piiiiisi^ oephalw 
tcntaclea ot tho Aiini^lida.* 

CAHRlklie (No. 13) liiLB awei'teil tlte preseuce iii ChalieodoHia of* ]>rD->ntn)t»l 
linib-rudimFUt. According to him, th« rndinicnl of the jitoccpli&lou rcjiTMcnt* 
A lirst [wir of limbs, the pn'-SDtrtin&l mdiniviit tlie aMund, tha diitcnna* tli* 
third, the trftnnitur]' litnh uf llie liyputlictii^l pre-iiiiiiillArf ugnient fp. U92) 
tba fgurth, Rod the niuidible tlie fifth pilr of ths sDTin. Tliow (lateuonti 
require coufirmatiou brfavr un cati ooocpt theui lU vijiUiDiog tlie tra« rsktion- 
•hip of the tmta ot Die limb*. 

Of the limb-nidiuienU following the anteDQae, the three n«xt 
purs are tranafurmed into the Joks (mandibles, first and second 
maxillae, Fige. 146 and 147, md, mx„ nix,). Thew tudtments 
ilovelop early and with a complicated form in keeping with tlieir 
later Bpecialisation, llie mandibles appearing toothed and tlie maxillae 
lobed. The eecoad maxillae fuse together in lat«r stages to fnna 
the lower lip.-^ Tlie three pairs of limbs whidi follow these (lb« 
tlioraeif Ugt, Figa. 146 and 147, j»', ji', p',) exhibit a moative 
development, the first traces of the future Gepnentation coon 
becoming apparent on tliem. 

In tha LiMliilidae, tli« ndimrnt nr the weuiiil inuilla >i>|<n(n< vnf targe 
in (he enibryo (Pig. 1S8, mr', p. S7S), so that it 1»ok« more like thai ot a 
thuraulo llnili tlitn like (hcnp of tho other jaM>. lU apccial ctvTelapinmt b 
{irolwlily connenleil with llio sim attained by the tower lip (niaaki of the luva 
which pNXiMdi froin it (p. Sh9). 

With rcgai'd to tho nrder of appearanca of tho ditr«r«nt limbs, our knowleilKe 
ii «9 ytl wimewlut iiieonipletc Hem also we find n]>eatrdl<r that the pneral 
order of diirclopmvnt i«, ao^iirdiiig to the ontq^ueUo law, from bcrorn harih- 
ward. In many forma the autcnual ruditneDta aceni to lie tlic Rnt lo Rp|ar, 
while the maiillarj rudiuivnls and tlioie of tlie lega all detel'ip iitimltinevua)<r, 
but aoniewhat later Ihaii the aiitoinian, Tliia U tliu caM in HydnfiUiu, 
MelaloHlia, and SUMbnlkruit. In Litia, awording to Oiubkii iNn. SO), th* 
mandiblae |>recede the antennae. Aniung the libeltttliHnr, aecordint; to Bmasbt 
(No. 7), Ihe nidinieiita of thi> llioracic liiiilia appear Hmt. thou thoan of Ui* 
maxillae, and only later Ihoic of tlio autonnar. In Ilinae Inacclt vlioa* larra* 
on lioiblMs. on tlie contrary, the rudunenta of the Ihoncie limbt apjJMr late 
and lu an arreatnl ooorlilion {Apit ami CKalitodomu], or an alivgrtbar <m^ 
pKMcd (ifuMiduc). In the lirat caan, the limh.rndnueiili de^neiain bafor* 
the larva hatcheo. It would be intcTHtiug to Iraee the relalion of throe 
dagvntnitlug rudlitiFUti to the imaginal diaea of tlie thoraok limU that develop 
later, concorning which, oa br aa we know, no ttatamentn liave hern |NiblMMd.f 

* From llita {loint of view, tlie malfomiatton olnerred by KatKi'HBaviiBti in 
Bomb»t {BitUmot. Natkr., Jg. \y.) la not witliont iiitanwt ; aa aniauna ma lif 
Ibla aathor fuund defominl an lliat it trMmliled a leg, and at iU rud rarrirrf t*« 
wrII'devoloped olawa Hee GklOiOS , ilnttriab far tkt Sludf y fani'i'in. p. IIA. 

i [BCauta (No. II.) linda in Ckatitodoma that the thomcic apivndageB of the 
•aib^ flBtt«n out and their hypodennal oall-Uyet thicken* and bcootoea the 
int^nal dtae* of the thotactc floib* of the adDU.~KD.] 
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Soon after tlio nppearaiice of the lliornck- limbs, ruilimentary 
appendnges can be seen on the aMominal segments also (Figs. 136 
p4< Pfn s""! 137 A, a^-ag). These, iii most cases, e.tactly coireapond 
in position and in the manner of their development to the limh- 
rudiiaents of the preceding segments, so that ve may conaider them 
as fully equivalent to the latter. The firat statements aa to the 
presence of limb-rudiments on the first abilominal segments were 
made by Kathke {for OryllotaJpa), and the first mention of the 
presence of limb -rudiments on all the abdominal aegments by 
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Bt'TSCBLi (No. 1 1, Apis). These statements have recently repeatedly 
been verified in immeroua Insecta (for the literature on thia point see 
especially GitiBsn, Nos. 25 and 30, Whbeler, No. 91, and Cahbi&hb, 
No. 15). The first [wint to be noted is, oa Grabbr has shown, that, 
in the Orthoptero and Coleoptera, as well aa in some Eemiptcra, 
the appendages of the first abdominal segment, as compared with 
those of the subsequent segments, are more maasive and in later 
ctages develop characters peculiar to themselves, while, in tlie Lepi- 



doptera anil HymeiioEiler.i, the limb-rudimenU of the tiNt abdominal 
wguient lire, in some cases, less developed than llioeu of the otfa«r 
segments, tuid in no caae do the; attain a greater development. 

Ill the Ortkuptera and CoWptara. tlie Unil>-rudiniEiiU of tlio S[nt alidainuikl 
wpiient hIiow, tu ia nn^n tlie caw with vestiKial organn, MiisidFrnblc TariabilUj 
ID tlivir later develapmeut. Tliey are miut loK-Hke in MitHlii, iMordiii^ la 
CUAaRn, and id this gsuui, as well u iu somo other forma, thoy rven aho«- 
sigui oC ugDieatation, the liojpr-like proveia atipearing diviilcO iuto two iij 
a triiuiverHu i-omtrictiun. Tlie liiiili-nidiiueuta of tliia n^nivut iu Mrfolmlka 
attain an alliigcthirr exceuive deVtlopDient (Fig. ^i~ B, a<, Orabkh), li*jng 
trsnsroraicd into largi' vikuIu- Mca, the w&lla of wliieb «ocim t« Iw coapowd 
of tiiaaive coararly-firanular elenients. In many other caaM i filaixliilar tig- 
nificance ia saKgMted for Ilieoe appenilages, the walla at tlirir AnUX [lartB Ixing 
Forniad of very lar^ coarMly.^nnlar glandular colla wliirh are often jiigaicnted. 
In miuli Maca, the appendages arc musbrooDi -shaped {OTyllotalpa. IlffJnphiliu} 
nr, wlien [he distal |{landiilar siirfac* sinks in, tliey assiiuie the fomi of alAlked 
cnpa {Mclot, Ni-AjiAUK}. Finally, they may lie repreoontad by a aae amk 
1«luw the MirfaDe of Uie body [Tmcbrio, CAHUihuK), or a «imiUrljr«hatiri 
aoUd ilinatura {Ciaida and A'qia, Wukklir). The iliOBrcnt sbapea aaiamad 
hy this itrtietiire are vanu«i;t«d liy means of many ti*u«itiiin fonua. The 
aeeretion which ha> been oh«civ«l may be gelatinoiia (J/Ww, NrHnam. and 
Cicada, Whkklik) or HUnientoui (.Xfpa, WHBKtu). The phyeiological «ig- 
idflcaiice of thea? urgikii* still seems very obaonre, in spite of the obaatvatioaa 
whk'h have beni published ; they have lieen claimeil aa enibryoDtc reapinlMy 
organs (gilla) or gUndi. It should be pointed out that the clianscter of tfa* 
calls hen' regarded as glandular agreoa oloKly with that of the elrmenta of 
the donal organ [invaginated keroaa] Iwrore the Utter begins to ilUliiIegrat*. 

Tlio appendagn we have Just been discussing inrariably dtgcneiate oonipUtdjr 
Uforo the larva halches. The tame is, ai> a rule, the cose with (he ■ppeQilage* 
nf the ].r«teritir ■iMJnminal eecmeuts, wliivb are usually I'onskleralily smaller. 
It is posaihie lliat nheii the latter disappear tliey take a eoitaiu put In tho 
foniiatiun of the lateral parts of the reulral plate, as n-as conjectured by Haakb 
(No. 1G3) wlion reviewiug the condition of Mae^ilU and JllaUn, and as «na man 
recently rauilered prolable by UcAUKit (No. 30} for JtflelnnlAii. 

With regard to the dcrolopmeot of the abdominal extremities [pcda tyttrii 
or fnlfiji) of the raterpilUrs of Ihe Lepidoptera and the eatninUar-lika larmi 
nf the Tfntkrtdinid'", it sp|>ean) ftuni tlie researcliea of KowALm'aKT (j^'ki), 
TirtioHinoirF {Bumbsx}, and GiuiiEK (Ho. 30, Boinbyt and Hpioloma) that 
llinb-ru'liiurnta lint fonn on nil or most of the alidominnl legnitnta, hat 
that they vot; auoti diaapjirat on ttime segnients which, in the larva, haw no 
limbs, while on the other oegmeuta they are traiutfomwl into the fnnetlaDttl 
prole^ To this view the obsenationa of Ooowkkb and Kkatz, aceordisg to 
whiuh siDgle patn of theae prolog lirat develop during larval life, ate a|>parrntlj 
unfavonrable. We ahoiild here haw to snpiiose, ■■ (iHAitm (N'o. 30| also haa 
pointed out, an emlityonli.' mdiuaril remaining for a eonaiderabla tima In a 
latent caoditjon. On the whole, the erabryological data aeem to aupport Ihe 
view of BALrouK, which ChouwiKOwbkv liaa racently adopted, and Ui which 
Orabkb (No. 30) if tuelined. that llm abdominal apjwndages of the eaterpillan 
of tbe Lepidoptera aod Hymennpter* am to he r>gardeil as trne limbsL Wa 
have alrraily ba<) eevcral examples in the Crostacs of the diaappeannca and 
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re-ilevtloiuii'iit nf a linili out of a mdimont mliicli liasi nu^antiine been latent 
(mnndibular palp of tlie DcoaiKx! larva, Vol. ii., p. 313, maxillipedrs of tlie 
8toni>topod>, Vol. ii., p. 800). A similar esample is altordwi ainou); the Iu««:ta 
h; the thoracic limba of many Hymeiioptera ; these appear as rudimeats iu the 
emhryo, disappear later, and reapiiear in the imago.* Tlie same proccM will Le 
found to explain the phjlog^netic appeamuce of tlie alidomiiial liiubs ol the 
caterpillan and Toothrcdinid larva ; for it can hardly be lionlited that the 
Lepidoptera and the Hymen opt era, as tbU aa all Heteromorpha, are to be 
derived from homomorphoiia ancestral fomLS nhich, in tlip larval condition, irere 
devoid of al-dominsl limbs. The larval fomi of the caterpillara, iu spite of its 
>p]iarent resemblance to Feripaliis, must be aecepted as a necondary ontogenetic 
condition aciguired in ada]itatii)ii to certain cuuditiona of life (p. 366). 

Special mention should be made of the appendages of the last aMoiuiual 
segment (aual or terminal segnieut, nhtcli in many orrlers uf Insects, esiieclally 
ill the lower orders (Ortlioptera genliina, Epht'Oerutat, Odonata, Plecoptera), 
fiersiit throughout life as the ao-calted cercapoda {eerci]. It must still be 
considered doubtful, on account of the nature of the terminal segment, whether 
we may consider these appendages as the eqaivalenCa of the other true limbs. 
Aocording to tho observations nf Cholodedwbkt [No. IS), their development 
iu Bl'Uta seems to support such a view. They lieie appear not only in a form 
reseDlbliog that of the other abdominal appendages, but a prouess of the 
coclomic sae which develrips in the terminal segroont extends into them aa 
into the other limb-rtidinients. The homologue of the cerci is perhaps found 
in the jiosterior extremities of the Lepidopteraii caterpillar, which lie beneath 
«r near the anus, the sn-cailcd aiuil proUgi which, accordinn to Grabeu (So. 
80), develop on tho terminal segment. The threu-Jointed anal cerci of the 
Tnnthi'odiuid gonns Lyda and the structure known as anal apittj in other foims 
(AVmadu, Zaddack, and Hyloloma, Grabbr, No. 30) rajiTesimud to them. 
Tile sa-c*lled anal prolegs of the larvae of many TenlhrtdiKidat are, on the 
contrary, aiifiendages belonging to the tentti or pcuultiniate abdominal segment. 

There is a eertain relatiou also between tkc typical abdomiual limb-radiments 
and the unjointed apj-endagea of the veotral plate of the ninth abdominal 
H^ment, Icnonn as the slyli ; tlieso ai'e found in many Orthoptora, nnd peraist 
tliTougbout life in the males.' According to Cholodkowskt (No. 19), they 
are derived in Btatta from the emlirynnic limb-nidimcnt of this segmeuL 
Haase [No. 1S3), on the contrary, will not allow that either the ap)iendage« 
under consideration or those small movable proceaaea found on the alidoniinil 
Mgnieots of the Tliysaoura [ventral stylets} have the morphological dgailieance 
of true limba, bat regards them niciely aa the equivalent of the coial spurs 
of Sroloprndrrlta. 

We are liei-e led to aak to what extent the external genital appcndagea, the 
so-called gona]iophysea, nre to be traced back to lioib-rudimeiita. The researches 
of KBiRPF.Lis and Dewitz (Ko. 103) have revealed that the ovipositors of the 
Hymenoptera and the Loeustidae, and tlie corresponding genital apjiendsges 
of the male in thrae forms, are derived from imaginal discs of tho eighth and 
ninth abdoniiual segments, which, when they lirst apjiear iu the larva, closely 
memhle those imaginal discs of the larva of Conthnt, which yield the thoracic 
limbs (ji. 371). BfTOintl [No. 11) and otliere liavc therefore attempted to 
refer tile goimpophysrs of ibeae forms to true abdominal limb-rudimenti. In 
xnppnrt of Ihis aseuniption, ue might point out that these imaginal discs 
• [See footnote, p, 2M.~Eti.] 



drvclop from the abdoniinsl limlj- nidi incuts [irtsi^iit in llit^ fiiilirvn. Il iliKalil, 
liQwevvr, be mcntioDed thftt Haase (No. 153), Tollowirig Uuanin, Uu receutly 
opposed tbis riew, although, u it apppart to ui, with ioniflHiipnt rvuan, 
maintaining that tho gDaa|>opliy8es aboiild 1>e rcguiletl iiiervtj s> Kiraouilarily- 
acquired external ap]ieudages. * 

We cannot deuy thnt a certain pbylogenetic sigiiiticauce attacfan 
to the presence in the Insect embryo of abdouiiiiul liuib-rui)ii»«ut« 
that degenerate later. Considering; the near Telntionslii|) that exists 
between the Insecta, the Myriopodo, and Petipntiu, we tnuat se« 
in the appearance of tlieee ruJimenls the ontogenetic ronipitulation 
of the conditions bclongiDg to an ancestral form of the Insecta, in 
which all the hody-sef^tnenta were stilt provideil witli well-develojied 
pairs of limbs resembling the present thoracic limbs. We ehouM 
have to altaeh a certain importance to the fact that, in the Orthop- 
tera, the embryonic Hmb- rudiments of the first abdominal segment 
are always more developed than those of tlie following Moment* 
ami, in ^/an'u, exactly resemb1« legs. Since, in Campodea (Haase, 
No. 153), a true rudiment of a leg is retained on this segment, wc 
are jiutitied in raising the question whether, in the degenention 
of the abdominal extremities in the series of ancestors of the Ituecta, 
the hexaiKxl condition was not preceded by an octopod condition. 
Tliis would explain the fact that the segment in question, in many 
points of its development, resembles the thoracic rather than the 
Abdominal segments. 

The linil-rudiniruta vliioti ara found ai ML'-tike bulging* of tlir miHaM «r 
tbe gerni'lmiid ore Troni the couini eiiiwnieut of their devclapniont Dllcd Kith 
luniiodarm. In nioat Insecta there ia at 6nt uo arrengement in the moodtTina] 
e«lU that Phter ttto limli-nidituentK, but the OrlhoptFra aeeni ntvr* nearlj tu 
follow the H^riojioila and FcripcUitt, ia m far u, io theni, diverticula nf Ilia 
eovlum viti'iiil inlu the ni<liiiii'iita ('CiiOLouKOwaKV. X«i. lU; GnArxR, Xoa. 14 
and SO). 

D. Nerroas System and Tracheal Invaginationt. 

The rudimcnU cf these twu systems of origans help c«eoDtially to 

detennine the taienuii form of the Iiiscilan germ-hand. The mdi- 

racnt of tlie ncrvotis system iisually appears very early, before the 

linib-rudlmonls are recognisable. Wo lind, as rtidimcnls of the viMitnl 

rCMOWH (Noa. XVI. and 
, lOBpoT'hyRM, and alylct' 
that the eercl uv Irua appenda^. that the atylea appear U> b« detniat pn 
rapladng tnie apiwDdagia and mliniatdy related to them, and that llie gnuapo- 
phy in have no relatiot) Io appandagaa. W n uleu (Xo. X LI V.), on the other haod. 
» atrongljr Id favour or reganling the gonapophywa aa modifkol abdanihial 
ai>]wiMlagva. UiBL (No. XL.) renrdfl tha *nilr*] alylaia of OiHfiitiai aa dirrct 
derivatiVM of abdominal appandagei. — Kn.] 
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cliiiiii n[ ijnii^liii, two swellings runuiog longitudinally along the ger 
band near the meiliaa line {pt-imiltBe BteelliTigt, Fig. 147 A, e) und 
It channel lying between lliem ({inmiUM groove, neural groove). 
Segmentation takes place early in the primitive swellings, broader 
parta (rudiments of the ventral ganglia) alternating with constricted 
[utrts (longitudinal commissures) in regular segmental order (Fig. 146 
A, g). Anteriorly, the prinutive swellingH diverge from one another, 
as the circum-oesophngeal commissures, and pass directly into the 
cephalic lobes. Here each passes into the brain-rudiment, a some- 
what large ectodermal thickening, the shape of which will be described 
more in detail below (p. 326). The rudiment of the brain and that 
of the ventral chain of ganglia are thus, in the Insecta, connected 
from their first appearance. 

The tracheae arise as ectodermal invaginations recurring in each 
segment (Fig. 146 and 147, et). The apertures of the invaginations 
afterwards become the stigmata. Tlie tracheal invaginations occur 
regularly on the first to eighth abdominal eegiueut. In the thorax, 
in which the presence of a pair of eueh invaginations in each segment 
may no doubt be assumed as the primitive condition, there is variation 
in this respect in the different groups. In the Lepidoptera, one 
tracheal invagination ap])eurs in the pro-thorax, while none is foimd 
in either the meso- or the meta-thorax. 1'he embryos of moat 
Coleoptero and Hymeiioptera (Apis, BCtschli, Hyloloma, Grabeb, 
No. 30), on the contrary, have no tracheal rudiment in tlie pro- 
lliorax, but possf'ss such a structure on both the nieao- and meta- 
tliorax. Tlie same ir the case in the embryo of 3fanti» (Grabbr, 
No. 30). 

Tlio tracheal iuraginatiuna as L tu\u develop only after the appearance of the 
IJii>b-nidiiu(<nt9. An excsgition to this rule is slTorded hy jlpii, in which 
the tracheal invagiuations appear in the thoracic rogion before the belated limb- 
rndimeDti. Am a mle the invaginatioaa appear almost HunultaQeDualy, □dI; 
tsrely ii there any inJii»tion of the order of development from before bnckward. 
In Sydn^iliis, for iastaiice, the meso-thoraciu atigma appcwa «omeM-htt earlier 
tban the stigmata ot the other segtneata (Gbaber, No. 2S). 

Id the Colcoptera, stnicturea conjectnred by Heidkr (No. 38) and Wueelrb 
{No 95) to be the vestiges of tracheal [cvagiaatiotia hare been obaerrvrl on the 
ntntli and tenth Bbdoniinal seginents. 

It should be nieutioued bece tliat certain eetoilermal invaginations appearing 
in the head bavc bfen regarded aa tracheal formations which have lost their 
primitive lunction and beoome secondarily modified. CAKBifeRB (No. 18) follow- 
ing MosELET and Palmen (No. ISl) lias thus le^rded tlie sslivary glands and 
the tentorial invagiciatiuui as modilied tracheae. Otliers (BIItsculi, Gbabbi) 
have eoDBidei'ed the Ualpigliian vessels to be or the same type as the tracheal 
hiTa^iMi^ons. We shall further on give our reasons for not adopting this vi 
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E. Transition to the Definitive Form of Body. 

The development of tlie definitive sliape of the body is ac(!ompli8he<! 
through the circumerescence of the wliolo of tlie nutritive yolk by 
the gorm-band. We have seen above (p. 272) that, in the later 
stages of development, the germ-band as a rule lies in such a way 
that its anterior end corresponds to the anterior jk)1o of the egir, 
and its posterior end to the jxjsterior pole. As the germ-band grows 
considerably in breadth, its lateral edges shift up dorsally over the 
surface of the food-yolk (Figs. 150 A-F, 169, 170, 171, and 172). 
In this way the lateral parts, and later the dorsal parts, of the larval 
body are formed. l>y means of this circumerescence, the food-yolk 
comes to lie entirely within the embryo, and finally fills the lumen 
of the archenteron (Fig. 150 F). The closing of the larval Ixxly 
dorsally through the circumerescence of the food-yolk by the germ- 
band is so intimately connected with the degeneration of the 
embryonic enveloixjs that we shall have to return to these processe.-* 
later on. 

The dorsal parts of the embryo in the cephalic region develop 
independently of the broadening of the germ-band descrilxHl alwve. 
The segments of this region, i.e., the maxillary, only take part to 
a small extent in the development of the <lorsal ]>ortion, the latter 
])eing mainly formed by the bending over dorsally and the backward 
extension of the cephalic lol>es as well as of the procephalon. Th<' 
anterior end of the germ-band is therefore here bent over dorsjdly. 
An actual ilorstd fiexure of the cej)halic region develojis, as was first 
l)ointed out by Weismann ami later by Hatsghek and Hbider (No. 
38). During this fiexure of the anterior end of the body, the part 
of the procephalon lying near the mouth appears as a transverse 
swelling (labrum). Tin* former most anterior part of the procephalon 
now 1>ec(>m(>8 the ('ly}x;us and assumes a more backwanl position. 
The (•♦'phalir loUs in this process of shifting pass towards the 
dor:*al sidi>, and the antcnnal rudiments consequently shift in front 
of or above the mouth. 

5. Completion of the dorsal part of the Embryo and 
degeneration of the Embryonic Envelopes. 

In most of the ArthroiKxla that have so far come under review 
(Crustacea, Arachnida, Myriopoda, etc.), development takes place 
thnai^'li tho formation i)f a so-called germ-band, but without the 
formation of actual embryonic enveloi)e8. The surface of the whole 
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«gg ia then covered partly by the band-like embryonic rudiment and 
partly by the unmodified blaatoderm. TLe dorsaJ part oF the embryo 
is there formed by the continuous broadening of the germ-land which 
by its growth, extenda over tho greater part of the surfai/e of the egg, 
the region covered by unmodified blastoderm becoming more nnd 
more circumscribed. It is as a rule assumed that the latter takes 
part in the closing of this dorsal rtgiou by being transformed histo- 
logically to form the ectoderm of the germ-band. It is possible that 
in these forms also ]}art of this blastoderm 
gradually degenerates. We have (Vol, ii,, - 

p. 150) conjecturally referred the formation 
of the so-called dorsal organ of certain Crus- 
tacea to such a process of degeneration. A 
similar method of development of the dorsal 
part of the embryo jH>rhaps also occurs in the 
Pixiuridae, in which a dorsal organ ia found 
which develops in the early embryonic stages, 
and is connected with a larval cuticle thst 
envelops the embryo {Lbuoinb, No. 51), but 
in other respects its significance is somewhat 
obscure (p. 268). In most insects the process 
is more complicated, in so fur as an amniotii: 
fold arises at the junction of the germ-liand 
with the utidiOercntiated part of the blseto- 
derni, the degeneration of this fold being 
intimately connected with the completion of 
the dorsal surface of the embrya 

A very simple case of the formation of tho 
dorsal region iu the embryo which, however, 
we can certainly not regard as primitive, is 
found in the Mateidae and a few other Diptera 
in which the amniotic fold is incomplete 
(p. 284). Here (according to Kowai.evsky, 

No. 49, and GnABBR. No. 28) the amnion is simply flnltened out 
again. The amnion and the serosa then together form a simple 
epithelium which corresponds to tha unmodified part of the blasto- 
derm in the Crustacea, Arachuida, and Myriopoda, aud here also 
seems to take the same part in the development of the dorsal ectoderm. 
Mote complicated and very varied methods of formation of the dorsal 
region and of the involution of the einbiyonic envelopes are found in 
the other Insecta, the four following types being distinguishable. 
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{In Lrpimia, one of tlio TBysanura iHktmosb, No, XVI), llie gurni-huul 
BtMiuB > ventntl flextirc, ■nd is iuvogimilixl iuto tli« yolk, in > ni4iuur 
suMeBtive of tlie Diplopoda (p. 229), at > very airly jicriod. Here, bowwar, 
a ilixlit ■mnion faims, ■nd by ■ nwrowing of the oarity of iuv>giii«ti<m ut 
aniDiotio cavity ariws ; the tmiiiotii: fold>, with the Mmra, which Utiw •or- 
ronnds the greater part of the egg, however, never unite, so that the aniuiotto 
cavity in nerer clowd, and rotatjon takes place without ni)iture of Ilia 
embryouia memhranea. The gemi-baud, comiueacing at ita anterior end, aimtjj 
emerge* ftani the aniniotic eavity through the peraiBlunt amnion -pore. Tha 
wroH contract* doiwlly, becomm iDvaginated, and fonn* the dorsal orgui or 
■ac, which then dLiintegrate*. Thib mndiljon ia dittinotly mora t<ii*n>tiva thu 
that seen in the LiUHalidat, ftnd recalls the condition of the gerni'baad Id 
the Myriojioda. In tliis eonnectiou an important and highly suggiiatiTa japcr 
tiy WiLLKY (No. XLV.) shoald be studied. WtLtrv Ulievea that the aniulotb 
cavity uf inwvt eniliryoa was origioBlly a prodact of invwination of Uie getm- 
b«nd, and that this iuvagiuatiou wai [irimarily derived from and aiaoniated 
witlt a VDiitml flexure of Uic eniliryo. In this rapect he diOora fnm IIkthoxi, 
who considen' that the dorMi flexure of the Chilopoda and roduriitat is jiriml' 
Uve, wliereas WiM.KV would rather regard the ventral flnxurc of Ltyitmn and 
UiH DiploiMila in iliie li^lit. Willkt further ivgsnls the domi <ir)[an of the 
fudiiriHi'' au'l the iuililBintil of the LoeiiUidnt na vrBligm of a tr<'|>li<il-Ia*l such 
as occur* in Ftrijitlna nBfu-brilajiniat (p. 210). — Kl>.) 

A. InTolation thiougli the developmest of a contianons 
doraai amnion -serosa sac. 

In dMcribing tlio lieveliiimicnt of tliu LiMluliitae (Kig, I3S C, 
|t. 278) we saw that, after [otfllKiu hiul taken place, the eaibryoiiic 
enveIoi>es (the auiuioii and tli« M^rosa) which liad grown logvUicr, 
represent s niemhrsne which eiiveloi« the diii>ui] yolk-sac (am * tt). 
The coDdition then somewlial resembles that seen in the Mtuddat 
after the flattening out of the ninniolic fold. In this mcmbrsne, 
the part yielded liy the amnion is cjearly distinguishable from that 
yielded by the Gerosn, for while the serous portion has greatly 
lhic;kened by continuous contraction to form a domiil platt,* th« 
amnion hu retaine<l it« thoracU-T as a delicate Rattened epithpliun 
(Fig. 140, C and D, ant, r, ]». 281). 

The further fate of the embryonic envelopes In the LibellulidM 
Iins not been observed. We can, however, com|>lete our description 
by n-fureiice to other forms whicli show the same type of develop- 
ment. As development advances, the food-yolk becomes more nad 
more restricted to tlie interior of the embryo, or more strictly 
ajieaking, of the developing enteron. The yolk-sac conseqnontly 
diminisheB in site, and the absorption of tlie food-yolk into the 
onl«ron produces a collapse of tliu dorsal plate, this latter sinking 
in and forming a thick-wnlle<l sac, the so-called dorsnl tuba (donal 
organ. Fig. 148, r). The walls of this sac soon undergo dtstnfa^n- 
* The iloiaal organ at the Pudurid emiiryo ieami to lie qulta peculiar ia ita 
ronnslioii, and caniii't Iw lefi^ni-d to the dotaal pUt« limv ina&tianRi, w la 
slionn by ila early ai>i>i-aTancr I I.tMolllK, Ho. li). 
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tion; the ilegenerating serosa-cells lose their epithelial cotknection, 
and in this disintegrated condition arc a))sorbed into the intestinal 
canal vith the rest of the food-^volk. Siinultaueouely with this 
disintegration, which leads to the complete degeneration of the 
dorsal organ, the outer aperture of invagination completely closes. 
: part of the wait of the yolk-sac becomes 
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s the amniotic portion of this 




In this way the 
disintegrated. There 
wall, which, KtanUing 
in direct communication 
with the ectoderm of 
the embryonic rudiment, 
representA a provisional 
dorsal integument. It 
still appears doubtful to 
what extent tliie pro- 
visional integument 
passes over into the 
permanent wall, t e., to 
what extent the amnion 
is transformed into the 
definitive hjpodenuia (a 
view which Gkabxb 
<No. 27) and others 
have been disposed to 
adopt). It would ap- 
pear very strange if 
the peruument dorsal 

integument were to Ihj utilised in earlier embryonic stages as a 
provisional ventral embryonic envelope (amnion), and as, on the 
■other hand, as we shall show (p. 307), the degeneration of the 
amnion was directly observed by Wheeler in Doryphora, we must 
leave the question open whether, as a rule, in the Insecta, the germ- 
band alone forms the whole of the embryonic rudiment, and also 
brings about, by ita dorsal extension and subsequent union, the 
completion of the permanent dorsal integument, while the umnion 
serves as a provisional integument, which later undergoes gradual 
cbsoiption. 

The aboTB-descriVied pwceaa of the comiiletion oi the Jorsal body-wall by 
thu (leveloiimeDt ot a doTsal organ and praviuonal <^ompletiou by niNinB of the 
aiunion, |>robably applies to the Libclliilidae. ll is duo Touud id all Rhyncots 
{OaAiiRit, No. 27, iu F^kocorii; MiTSCHNIKol'F, No. 56, and BiLANnT in 
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the roUtiao (p. 2SS), >t a time wbc-n t1» grnn>lMtid ilmdj Um nnlnUj uul 
U Mi|>crKcUl. Thr fuaixl imbryouic i>nvelo|>a rii|>tRre in tlir niettUn llu* tmi 
dtnw liick to ths »id*ii or llie gtrni-band, nrhcic tlii^j (nnn TolJi ciactlf lik* 
tha» at the oarnDicncwniCDt of tbcir dBTilopment (Fig. l&O AJ. A> Uieae fijd< 
bend duiwllj' oTir the thickrnMl dumi |ilsr« («, Fig. ISO D) ftnil late in tb* 
donal niMlian line, ■ ronifilete tube ii rorniwl liucd by iha mtom {rfvmilaic, 
Fig. IM) IT), while the smiiitni ptnvitionslljr eompleU* the donal jort of the 
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tmbrya The doreal tiilie develops in ftu sltogethor aimiUr >™y in the Orthop- 
teni. When the entei'on at a liter stage cIoks dorsally, the doi^al tube, 
together with ill the food-jolk, ia enclosed within it (Fig. 150 F). In Hydro- 
philut, the doml plate and the dorsal tiibe am distinguished by their great 
lengtli (Fig. 14fl) ; they extend over tho whole dorsal aurfaco of tlia egg. The 
etoHing of the doraal tn'ie, broMght al^out by the rniion of the (uijuiotio folda 
over it, here takes place froni behind foncard, eo that for same time a pore 
ia found anteriorly as tlie opening of the dorsal tul» (Fig. 149 C). 

B. InTolutlon accompanied by dorBal withdrawal of the 
Amnion only. 
This type lias been oii.ii;rveil in a few Coleoiitera {C/irj/»otnelidae, 
Fig, 151). The serosn («) here remains ontirely unaffected by the 
whole process of involution, and is retained till the late stages of 
development closely applied to the inner side of the chorion. The 
provisional enclosure of tlie yolk doraally is brought about after 
the rupture of the ventral amnion by the dorsal growth (Fig, 161 B) 




of the Iatl«r (am). When, in later stages of development, the germ- 
band extends more and more over tbe doraal surface of the egg 
(Fig, 151 0), the cells of the compressed amnion tirst accumulate 
doraally (this accumulation has been described by Whbbler in 
Doryphora as the amniotic dorsal organ), and then break away 
from the aggregate and become scattered in the food-yolk, where 
they finally disintegrate (Wheeler, Ho. 9.^). To tliia type belong 
Doryph/ira (WHSKi.Kii), Liiia (Ghaker), and jierhaps also Donada 
(Melnikoki', Xo. 53). 

0. Involntion accompanied by dorsal withdrawal of the 

Berosa and complete separation of the Amnion. 

This tjiMj is closely related to the first. It was observed by 

Graber in Chironornw (Fig, 152) and the Phrygajmdae. Here only 



the aeroaa (s) teara ventrally and conlra::l9 dorsuhvanls (Fig. 152 /(), 
where it forms a doreal organ closely resembling thai of the Ortho[v- 
tem and Rhyncota, which finally degenerates and sinks into the 
yolk (Fig. 152 C). The amnion nt Rtat remains unchanged. The 
completion of the dorsal region is brought about by the continuous 
approximatioQ of the points of union between the amnion and the 
ectodonn ; this produces a narrowing of the itomU umbilical pasugv, 
which tinally becomes obliterated by the fusion of its wnlls. The 
amnion then separates from the ectoderm, and up to the time of 
hutching Btirrouuds the embryo as a closed sac (Fig. 152 C). 




D. laTolution accompanied by the amputatioo of botb 
Embijonic Envelopes. 
This type may be derived from the preceding type if we imagimr 
that the serosa is not rupturetl nor in any way eissentially modified. 
Tlie donal extension of the genu-band, carrying with it the points 
of ori^ of the amniotic folds, causes a conauiction of the dottal 
umbilical passage and, by tha fusion of its margina, completee the 
dorsal inlcgumeat ; the two membranes are first conneclml by a solid 
umbilical cord with the embryo and, when tliis breaks down, they 
become aeparated from the enihryo and from one anoUieT (Fig. 
U3 B, p. 386). As two completely closed sacs, oae within the 
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other, they envelop the embryo, as hoe already been nicntioneiJ in 
the case of Hylotoma, np to the time of hatching. This type occurs 
in the Hymenoptera and the Lepidoplera. In the latter (Fig. 142 C, 
p, 285), in which the gemi-band is immersed, remains of food-yolk 
are retained between tlie amnion and serosa, which, together with 
the large cells of the serosa, serve as tlie first nourishment for the 
young caterpillar (Ganik, No. 23). 

E. Oeneral Considerationa. 

We must regard as the most primitive the first of these types 
of development, in which, after rotation of the germ-hand and the 
development of n contiimous Rmnion-seroBa-sac, conditions are brought 
about resembling those uaiially found in the other Arthropoda, the 
serosa being invagioated and gradually degenerating. This is con- 
firmed by the fact that this type is frequent in those oideTB of 
Insects which are generally claimed as the more primitive. The 
fourth type of development, on the other hand, in which the 
embryonic envelopes lose their continuity with the embryo and 
form two free membranes enclosing the latter, must be regarded as 
the most $j>ecialised. The third type is intermediate between these 
two. With regard to the way in which the serosa degenerates, it 
approaches the hret ty|>e, but in the separation of the amnion 
resembles the fourth. The second seems to represent a type of 
formation of the dorsal integument indejwndently acquired among 
the Coleoptera, 

In the lirst type, the development of the amnion -serosa -sac is 
introduced by the rupture of the two fused embryonic envelopes. 
This rupture in the ventral median line in the LihelluUdae takes 
place only in the cephalic region. In the second type only the 
serosa is affected by the rent, while, in the fourth type, both 
embryonic envelopes remain intact up to the time of hatehing, 

6. Tlie fonnation of the Oerm-layen. 

The older accounts of the formation of the layers in the germ- 
band of the Insecta were very incomplete. BOtschli (No. U) first 
found that, in Apie, a lower or inner layer is produced in the 
germ-band by an infolding, Soon after, KowALBvsKv'a researches 
(No. 48), carried out by means of sections, laid the foundation for 
more accurate knowledge. Kowalbvsky found that, in Htjdrophilut, 
a furrow appears running along the whole length of the rudiment 
of the germ-band (Fig. 134 A, B, r, p. 270), which, sinking in, 
yields the lote«r or inner layer of the germ-band, i.e., the common 
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rudiment of the entoderm and the niesodenu (Fig. 158 A-C, p. 321). 
A simitar condition woa fouud bf Kowalevskt ia Apxi, in the 
Lepidoptera, and in a few other forms. This furrow niust be 
regarded as the blastopore of an unusually long gaatruU-ilepresaioD, 
extending along the whole ventral surface as for OB the {Kiinl at 
which, later, the proetodaeum ilevelops, and the edges of the furruw 
must be regarded as the lip of an exceedingly long blaatopore. The 
tube vhich has arisen in Hyrlri^'hilue by the closing of this farrow 
may be claimed as the archenterou. 

The first rudiments of the gastru la-furrow are, in the InsucU, 
yielded by two folds running longitudinallj' in the thickened Tentml 
plate one on either side of t]i« median line (Fig. 154, /, p. 313). 
These folds cut off a middle region of the ventral plate, the so-called 
ttiiddU plate (m) from the lateral plates {»). As the middle plate 
bends in and becomes grown over by the Literal folds, which mark 
the edges of the blastopore, tlie gastrula-depression is formed (Fig. 
ISS A, r, p. 331), the development of which causes the middle pl«t« 
to become the lower or inner lajer of the gerni-band. The ectoderm 
of the genuband is then derived from the lateral plalca. The fusion 
of the edges of the blastopore, through which the closing of the 
archenteriu tube is brought about, occurs latest in iU most anterior 
region, at a i«rt of the germ-liand corresponding to that at which 
later the stomodaeal invagination develops. 

In nydrophilut, the pi* tniU 'furrow Jcvtlojis in » way riifferiiig acnnewhat 
lioni tlut wliirli li»ii«liy iircrailit, u the middle ]<«irt of thi< filmiw lipre BlijiMn 
■oinewhat rotarded in its dGrclo|iincnt, n)iile, in llm aiitarlnr »ii(l |iMt(riai 
ragioDS, the lifH a{ipiixiinate earlier. Thii growlli albcti the outline of 
tJie blutoporv, whiali at ■ wrtain sta^ i* fla^k.-shapnl (Fig. ISi A, p. STOt, 
Ibe IwlginK of the lla*k cornwjioudtiiK to llit^ jKirt of tlia ginn-baod wbloh U 
retarded in iti ddvclopmcut. 

During the invagination of the middle plate and its transformation 
into the archenteric tube it becomes modified liistologically (Fig. Ifi8 
A and B, p, 321). Whereas it priiuarily eonuatcd of a coluniiur 
epithcltuiu, which in the further course ^f development bMomca 
niultilamiiiar, tlie individual cells, pressed together, beiog wsdgv- 
sbapod, the cells in later stages become lu^^ire and more cubital or 
iiregularly polygonal (Fig. 168 B), and also eliow a leea ref;ulu 
arraiigemeuL At the aninc time ilia arclieuleric tube bocomeB con- 
|i[f-8WN,l dorso-ven trolly. While it thus broadens out latenUly under 
the lateral jilates, its originally circular lumen passes into a horiiontal 
slit, which in Hf/drophiltu long remains recognisable as the boumlar; 
between the two parts of the lower layer (Heiiiir, No. 38). 
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A gutr'ila-fiitTOT of thin uatiin) lias been found in a great varict; of Insecta 
hy most of thu receot trorken on tliU subjsct. It awxet thCTefore bo regarde<j as 
occomag univcisall;. The fact tbat it was missed b; Sorotnefi' (No. 47} 
in Oryllolalpa a of no great importaiiOB, In the saroo way, the negative reeidt 
oblAined b; 'Witi.ackil (No. 98} in tiie Apkidae is hardly to be acoepted wheu 
ve conaider Giiabek's account [No. 24) of the deTelopmept of Pi/rrkoeoria and 
the receut rasenrches by Will (No. 97) on the ApAidat, in both of wliieh we 
find a gaatnila-furrow deioribed. 

Many variattonH :n detail txe found in the procc^ of goatnilation in the 
Inserts. It is not always acrompinied by the dcvrlojinieiit of auch a diatincl 
tube aa that fonnd in Hydrophiha. The invagiuatiou B|>pears in individial 
«aaeg to be less distinct and variously modiiiei!, so tljat three different types 
may here \x establinhed. 

1. TliPto is Mtn»I invKgiK4tloa, ftBaempanigd hj the fonutioa of s tntM 
<Fig. 1C8 A, p. 321). Tlie central region af Che vential plate (the ndddle jilate) 
becomes invaginated, its lateral luargins standing up as a coujile of folds, each 
eompoaod of a double layer of cclla. These fold* now grow towards the middle 
line and unite, thus forming s tube {HydTophiha, Altixa, Pyrrhoeorvi, etc.). 
Finally the cells of this tube lose tbuir epithelial eantlnuity and, becoming 
aligbtlj ie|«ratod, assume an irregular polygonal shape. 

2. The middle platR may Ite vnrgnrwa by tTM Mtodem-foldi (Fig. 163). 
The middle pkte does not separate from the ectoderm of the germ-bund throngti 
the anion of folda as in 1 but, at 
the place where the lateral foldn 
arise in other cases, the conneetiuu 
lietween the ectoderni and th« 
middle plate becomes broken, and 
thff free edges of the eetodemi 
grow over the sunken middle 
plate towards the middle lino. 
Uere also the cells of tlie middle 
plate only lose tbcir epithelial 
continuity later. This tyj-e 
«ocnra in various Hyraenoptera 
and Lejiidoptero. It has been 
ob«ervediu.,^;iMby KowALersKV 
and GnAsiji (No. 32}, and in 
Lepiduplera by Kowalevskt 
{No. 18), whose statements were 

confirmed by Bouhetzkv «[o,i„™. • ■ ■ ■ ■ 

(No. 6). 

S- The loiver layer may originate by ingiowtli of cslli tram a msdian groove. 
The cells of the future loner layer here lose tlitir eiiitheloid nature at an early 
period. A median groove is formed as in the other tyixm, but there is no 
a«psration of a distinct median plate or tube, single cell-elements separate from 
tile base of the groove and shift below the ectoderm ; thia proliferation of eella 
goes on until the lower layer ia complete, its cells wandering below the eotodenn 
and the lateral parts of the germ-bond. Tlii« type apjiears to ooour in the 
Aphidae, according to Will (No. 67), and in the Fhryi/itncidae, according to 
Pattrk (No. 86}. 

la tha seoond and third types of formation of the lover layer, ■ tube with 
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> distinet Iun«n naliirnll}- dor* not dovtloj.. Tlie cell-mii* o( tl.f lomr Uyer 
U hpie, froni ite origin oawirds, lolid and gradually wittfna out fa«l<>« lh« latrral 
ptalM. The tjiiea given arc ooiinect«d by trausitionar; romis. Tliua <I apjimnt, 
according to Gbabkb's reoent atatcnents (No. SO], ai IT, in tlir Lc)iicIoptara, • 
typ« iDtenucdiati' betvcen tliv fli-oond and third tyjin ia oooasiuually U> br 
observed. 

It «rai Dba«rvcd by Wheeleii in Doryphom, and by Gudbb In Lina, that 
th« most iKut^riar end of the giutmla-rurrow in certain ala^n ajiptan forked 
(Fig. 145, p. 291), a uondition wUidi we are not in a poaitiOD to eipUia. 

Tiie cell-layer derived from the gastrula-in vagi nation (llie lower 
layer) represents the ctmiuion rudiment of the ent^demi and the 
mesoderni. It has onlj- recently become knovn in what way th«a0 
two germ-layera ate eepantted from one anottier in the iDsecIa. 
With regard Ui this point we must follow chiefly the etaleinenta of 
KowALBvuKV lis to the Miuridae (No. 49), of Hriosr as to HyilrophiiuB 
(No. 38), and 'Wnnsi.EK ns tu Dorj/jifioia (No. 95). KoWAUtviXT 
showed tint in connection with Mu»ca that tlie greater ]iart of th* 
lower layer yields mesoderm exclusively, end that only two c«ll- 
masses, correspouding ree]>ectively to the anterior and the posterior 
end of the gemi-band, are concerned in the formation of entoderm. 
We must therefore, in tht^ Inaecta, speak of an anteriur and ■ 
])os)terior cntoderni-radiiiient. As iho stomoilaeal niicl proctodoMl 
de|)re8Bions which appear na cctodcrtnal invaginntione develop, the 
cell-masses of the two entoderm-rudiments are pushed in front of 
them into the interior, and thus become se^wnited from the meso- 
dt-rni. The two entudenn-rmliinents now repreiscnt cell^iFcumulatbiia 
closely u|iplied to the blind ends of the stumodneum and pmctmUeum. 
They soon broaden out into the shape of wntch-Kl^M<^> with their 
concavities directed toworde each other and their convex sides tumMl 
to the respective jxilee of the egg. Their shape, however, boob 
changes, two lateral liands pTowinj; out from each rudiment in such 
a way aa tu form the letter U (Fig. 154, en). The endii of the two 
U-»hD])cd rudiment* are directed towarda each other, ajxl grow uut 
until thry meet and fuse. Tlie entoderm -nidi meat yielded by tha 
fusion of the two U-shnjied rudimeute tlien consists of two bands 
running longitudinally above the germ-band, mostly dorsal to tb» 
primitive Mfcments. Anteriorly and posteriorly these bands pus 
into one nnothi:r, und at ihesi.' points fuse cluaely with the stono- 
dacal and proctodacnl invn^iiutians. As these lateral entodamt- 
bauds gradually widen, they Iwgin to grow round the Eurfac* of 
the fot-d-yolk on wliich they lie. Thia ciiciimcrescence as s rale 
progresses moat rapidly on the ventral aide, so tliat the two entodcim- 
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ban<Is unite first in the ventral middle line and only ]at«r in the 
dorsal middle line. Tlic food-yollt in this way cornea to He entirely 
within tlie rudiment of the enterou {p. 336). 

Ill [lie MiiKidnt (mid in a, Ten- other Tarnia} the whole of the food-yolk is not 
taken iuto the cnteroD, but a Btuall amount renainB in the hodj-cavitj anteriotl; 
Hud posteriorly, and \a there alMorhed. 

KowALSvsKY has already pointed out that it is only the median 
portions of the lower layer ivhich are separated as entodermal rudi- 
ments at the anterior and posterior ends of the germ-bitnd by the 
ingrowth of the stomoJaeum and proi^todaeum. The lateral parts 
in these regions give rise to niesoderiti. KowALEVSKr has therefore 
Gonipared the formation of the germ-bands in the Ineecta with their 
formation in Sagitla. This view has received thorough support 
from more recent researches made on Coleoptora (HeittCB, No. 38 ; 
Wbbblbb, No. 95). Even before the stomodaeal and proctodaeal 
invaginations ap- 
pear, the ento- H 
derm-rudiments A S I „, 







rising as a median 
growth from the 
base of the gas- 
trula-furrow (Fig. 
155), while the 
lateral mesodermal 
parts appear in the 
form of lateral 
sacs (Fig. 154 Jl 
and D). The 
separation of the 
germ-layers in 
the Inaecta tlitis 
reaemlileB aome- 
wbaC the condition 
observed in Sa- 
gilta, where the 
areheuteron be- 
comes divided by 
the appearance of 

two folds into a median enteric nuliiaent and two lateral coelomic 
sacs (Vol. i., p. 368). The chief peculiarity in the Insecta arises 
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from the great lengthening of tlie gastriila-invogination. We may 
assume with Kabl* for the median invaginating plate a median 
unpaired entoderm-band and paired mesodenn-bands. The entoilerm- 
band is, however, dragged apart to form an anterior and a posterior 
portion by the great lengthening of the furrow (Fig. 154, en\ r^"), 
80 that over the greater part of the germ-band the two lateral 
mesoderm-bands meet one another in the median lino. 



The view just mentioned would receive inii)ortant sujiport from tlie statement 
of BCts<'HI.i (No. 12) that, in the fonnation i»f thtr germ-layers at the posterior 
end of the germ-hand of Musca^ the archentcron actually becomes divided up at 
a certain stage through the formation of fold^ into three connected diverticula : 
of these diverticula, the unpaired median one is to !.« regarded, just as in 
SugiiUiy as the fnto«U'nn-rudiment and the |»iiire<i lateral ones as the nieso<ivrm- 
rudiment (c(H'lomic sacs). Since, however, the more recent works on thr 
ontogeny of Musca d<» not confirm this statt-ment, and the conditions descriliwl 
may, as we Hhall see, ]ierha[ts l>o interpi-etnl in another sense, wv must h-avt* 
this iK>int for the ]»reHent undecided. 

The statements ma»le hy Kowalf.vsky (No. 49' with regard to the formatinu 
of the genn-layei-s in Muxn have been only j^artially continued by the later 
researches of Vokltzkow (No. 8!>) and Ghaiieii (No. 28) on the same animal. 
According; to Voki.t/kuw, the stonio<laeal and ]iroctodaeal invaginations grow 

inwards from the base of the 
gastrula-furrow, and therefun* 
l»elong, not to the ecto«lenn, 
but to the lower layer. The 
anterior and {Mtsterior ento4lr*nu- 
rudiments are said to aris*" bv 
the ]iroliferation of cells from 
the blind ends 4»f thf^se two 
invaginations. Gkareu .No. 
*JS . indeiKi, ha.<« contirme<l 
KowAi.KvsKY'h statmientH foi 
the anterior ento«lenu - nidi- 
mvnt, and also assumes tbi- 
tctiNlennal origin for thestomo- 
davuni. As to the jtroctodaeum. 
on thr contiary, and the iKwtorior cnti.Mleiiii-rudinn^nt, Gkahek entirely ajn*ef^ 
with V<»KLTZKow, with the single fXCii»lion that, f«»r the growth of th«- |io(s. 
terior entodiriu-rudinient, he claims n«»t only the blind end, but a long liand 
of the ventral side of the ]iroct<x]aeum. Wp nmy here obje<'t to this vii-w ol 
VoELTZKt)W and Guahku that if, in r«Mlity, in tht* MuscidnCy a |H>sterior sw-tion 
of the intt'Mtine arose by invagination fiom the lower layer, we shouM not U* 
able to call it the piiK'to<Iaeum, for in tliat ca^r we Nhouhl not be abli> to re^ranl 
it as homologous with the similarly-nanieil si'ction of the inteHtine of othei 
luM'r'tM, in which it forms, as in all other animals, from the eetodemi. It, 
however, apiM-ars to us that the wctiou** of the |»o^terior end of the gemi-l«nd 
of th<- Minn'itiiu, which are in any ea^e lillicult to unilerstand, can be uum* 




Flo. 15f>.~niagniiii illuitratin>; the Heparatlon of the 
K^rm-Uyen in the inoHt anterior region of the 
g«*rfn-li«Qd of //yr/n>;iAi/Mjr, traniveriie lection t^after 
Heiubk) »/:, yoIk-celU; rr-, ectf)denn ; cw, nnt-i- 
derm ; in$, nicHiMlrrin. 



• TlRMjrie dcs Mes*Nlerni''. Morffh, Jahrh, 1889. 
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saturutorilf exiiUinn) b; ialeqircting tlie parts differeutly, as CiiuuRit for- 
merly did (No. 27). We niay [•erhaps Hsavune that, in the ilairiiiae, as in 
Gtiroaouais, tlie po«t«rior end of the goi-m-lmud not only sinkn inlo the yolk, 
but also makes a hook-like liotid invmrdi, so thnt the germ>band in haDSTcraa 
sections of this re^on is nit tlirough three tiniei. Id this way, the i><»terior 
end of the geriu-baud, snnk into the yolk, and the jMut lying iu reality auterior 
to it, tnit iu traniverw sMtion nppeariuK on the dorsal li le of the i^ are, 
by meaiu of the still open gastnila ffrone id ooDimuuiaatioD in aiich a «ay 
that, in a series of transverse sections the lunitna of portioni of the gaitlrnla- 
furrow belongbg tu these Ino jiarts flou together, thus yielJine the poculMr 
clumb-1iell-8lia|)ed figure. By this usaumption the invagination nhioh 
VoiLTZKOW and OiiAtiEn (^a 28) ernjueously held to le the g I'uc to latin m 
would more correctly apitear as the svtalUi germ prominence (] i'6), and 
the lameu of this iuvi4{iuation would then 
have to be considered n the aninioljc 
«avity, and the niieitnre at its doisal s: 









the 



e nf 



that cavity. The proctodaeaii 
■p|iear only later iu the folTn of an intagi 
nation from this cavity. This view s 
supported tliroughout by RlTTERa obser 
vationi of the development of the procto 
daetim (Ko. 71). 

We mmit hero mention Gkabkrb new 
of the presence of a lateral gasCmlatian in 
the MuKidae, Orabbr finds in the germ 
band of the Jfuxidae, near the median or 
princi]i«l gastmla- furrow, lateral f 1 Is 
wliioh are specially marked in the niu t 
anterior and posterior parts of the ^er 
band, and which are said 1 1 gli If 
element" to the lower layer. These pa i r I 
folds, whieh wore already known to 
BOTBimt (No. la) and Vobiizkow No 
8G), uid which mark the lateral edges of 
the gBrm-l«iid, are, according to Graukr, 
aappleineutary Rostrala ■ furrows wl ii'h 
aerre the purpose of supporting the gaa 
tmlB-furrow in ila plastic activity in the 
fonuation of the lower layer. Grarbr has, 
however, not proved tliat elen ctita are 
given off from these lateral folds to the 
lower layer. Since it was already kn ii 
to VOKLTEKOW tiiat, in tlic stage uu I r 
Mnnderation, the portion of tlie Uiulo 
derm not taking i^art in the formation of 
the getm-baud shows a great tendency to 
t]ie romiation of folds, these folds proliably 
come under this category, and ought not 
to l>o regarded us connected with the 
fnithcr development of the embryo. 
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The fonuation of tiic gcrm-laycis in tbe tlynieuoptera seems to 
ileviate soraewliat from the comiuon tjije. KoW4Lkvskt mid Giussi 
(No. 32),* indeed, agree that here also the entoderm originally fortos 
a part of the lower layer. iSnt the separation of the entoderm from 
the niesodcnu in ApU takea place in Giich a way that the two «nd« 
of the lower layer bend over ttie dorsal side of the egg, and tlift 
anterior and poaterior entoderm-rudimeuts which have'thns coniv 
to lie on the dorsal side grow towards one another. When th« 
two rudiments, which here also are horseshoe -shaped, have mot 
and faseJ, the cirL-unicreacenue of the food-yotk begins; in this 
case the process thus starts from the dorsal side and is completed 
on the ventral side. It resnita from this thiit tho layer of entoderm' 
cells in ApU at first does not lie below the germliand, hnt on tho 
dorsal side of the egg below that flattened epithelium which, arising 
from the amniotic fold, provisionally completes the dorsal surface 
(p. 287). 

Ttis oonditiun or the cntoderm-rudimont in Chalieutkima ii loiuawliat MmiUf 
|C*BlilbRB, No. 13). Here alto tbo (■ntoilerni-haud* do not lie below tba pan- 
b*Dd, lint fitoiid bcyoDd the latter towards tUe dorsal atd« of tlic «gg. A* to 
tbt Ant H|>Amtioti of the gcrm-handi, CABItlt^ltE arrived at views apitrooching 
tUi'u Just tlmoribed, Lut alill reveoliiig in tlic case of Ckalieodoma a pccnlior 
\y\^- Tlia tiiiddls plato (m|, whicli bwoitiM invaginatcd l>y tliv funnatioii 
of the gastruls-ruD'ow, aod which, like tlic lateral |ilate», ahnit* (ign* of 
sigmvntatlon at on early atogr, is hero nid to yield the meMHlerni exdnsdnly, 
while the anlcrior and posterior euUidemi'niiliiueDt* iiv and he) arin from 
a growing n>iic closulj' mcuee'liiiK tli« luiddlii (ilate, in ttie regiuD of which tlia 
■elnratiou of the nia» of sntodenu-colla liy deloniinaliuu from llie sii|«T6i^ial 
nll-lajer which remains iu oonUmuly ixitli tlio cclwlcmi takes place. 

We have still to mention the yM-ttiU and the tecomtary eleara^ 
of Ihv ijM: The yolk-celb are elements scatternl in the food-yulk, 
•ome being cells which remained in the yolk at the time when the 
blostoflenD formml (Fig. 131 C and I), z, p. 265), and some having 
reached the yolk by subsequent immigration from the blaetodemi 
and its derivatives. GsAniji first pointed out the inimigratioo of 
eella from the lower layer into tlie yolk, and his ubeervaliona lian 
been confirmed by other authors. In individual coses, imlecd ('.y., 

* OoAsai'H rewarches tuork a turning- ]>oiiit in the conesptkiD of the fonuation 
of the gtmi-layen in the Inncto. U uinst be recorded to bu cc^t that he 
was tlio flr*t to ofipaw the univenwl opiniou of tlie time that llie yoIk-ccIls 
represenlcd llie actual entoderm of the IiiMcta, aiid to prove that the eDIodmti 
b a |iarl of ihu lower layer. The prvoFiioe of so anterior and a |w«lrrtnt 
•Dtudenn- rudiment was also oorrectlj' made out liv liini. His views wne 
adonted ontj later by Kuwalkvukv (Ko. i9) and HeiiiKR (No. 37), thon^ 
it should be peinteil out that the views pnt forerard W Kuwaulvkkv in Us Brat 
Itratioe nearly coineided with wliat i* uow known lo be the actual coodltinn. 
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in Meluhntha), these later immigraled cells are said to be clenrly 
diatinguisbablo by their histological character froiu the cella origin- 
ally found ill the yolk. 

The yolk-colls are distributed in a regular manner through the 
food-yolk. Their principal function appears to be digeative, particles 
of food-yolk being taken up by these cells and changed in such a 
way as t« render the yolk iissimilable by the growing cells of the 
embryo. Tliis leads, after the development of the genu-band is 
completed, to the marking-off of the territories belonging to the 
individual yolk-cells, and this process has been described as secondary 
ijolk-fJeavage (Fig. 158 C-F, p. 3iil ; >'ig. 135, p. 273). In indi- 
vidual cases (Apie, Muaea) such cic-avage, however, seems uot to 
occur. The yolk-cells can still be recognised in the completely 
developed enteron in the remains of food-yolk which fill it, and 
here they gradually disintegrate. 

It was long considervd by follonors of DoiiSN, Balfocb, and Heetwio l\M 
the jolk-celta repnseutftl thu sctunl entoderm ot the Inaeats, an it was thought 
that th^se cells iinally became arranged at the surface of the fooil-yalk V) latm 
the enteric npitfaeliuni. TliJs view h>£ to be relinquished in fBL'e of the more 
itwent researches, ou which the account of the formatian of the germ-hiyera 
gJTcu above is foundwl. It appears tliat the yolk-celU <]d not in any way 
lake part in the ronuation of thy embryo. It was indeed suggested in several 
quarters that they gave rise Anally to blood-corpuscles or parts of the lat-body 
(DOHRK, No. 21, TifHOMlROFP, No. 79, and especially Will, No. 97). A 
nunilier of more recent authors, however, appose tliis view, and maintain that 
liie yolk-cclls, after having fnlSlled their function as vitellophags, aimply 
(lisintegratD. ThtH laet view seems to us the most probable, aiuce another 
origin lias been proved for the fat-body and the blood-corpuscles (p. 341}. 

Bearing in mind the statements made above iu connection with the Crustacea 
(Vol. ii,, p. 14*), we may probably regard the yoik-cella as an abortive portion 
of the entoderm. 

EReeent nljservationa have ouoa moru rendered uncertain the origin of the 
inesodenu, the nature of the epithelium lining the alimootsry oatial, and the 
true signiKcauoe of tiio primitive groove. Thus Hbymokh (Noa. XV. and XX.), 
alates that iu the Orttioptera. tlie ento-niesodemi of other mtliors ii to be 
regaMod as consisting of meauilerm only, the lining of the definitive alimentary 
canal arising from the ectodermal epithelium of the stomodaeom and procto- 
daenm. Hi: further states that the primitive groove (blastopore of autliors) 
may lie completely wanting, and even wb«li present is not to be regarilefl as 
connected with gostrulation. LficAiLLON (No. XXIX.) finds that in the fhryno- 
Taetidne the whole alimentary canal is ectodcrmaL These two autliors think 
that the hisher Insects exhibit no entoderm in the alimentary canal of the 
adult, while lu the lower forma (Bevkokh, Ko. XVI., Lepima) the enteron aiisea 
froin the yolk-cells. On the other hand, BCiioSiiandCARBi£sK(No. 11.), with 
vrhom Wbbelbh agrees, are fully convinced that a true eut«rou exists in 
Chalffodoma, and entirely dissent from Hevuons' views. They iihow that the 
eiilodenn arises From the undilfcrentiated blastoderm, and that the stomodneal 
nod prnctodaesl invaginations ntise from the superficial layer of blastuilurm- 
cells, the oulv layer that csn pruuerly be called ectoderm. See also HeiIiKIi 

(Ho. x.).-e;.j 
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7. Further deyelopment of the Mesoderm. 
Development of the Body-cavity. 

We have seen (p. 271) that an invagination running along 
the whole length of the germ-band gives rise to a layer of cells, 
which soon extends on the inner side of the germ-1)and and so forms 
a second, lower layer (Fig. 158 C). From this layer, at the anterior 
and posterior extremities of the germ-band, the entoderm becomes 
separated and becomes closely applied to the stomodaeal and procto- 
dacal invaginations which have meantime arisen. The remaining 
and by far the largest |)art of the lower layer may, from this stage 
onward, be considered as mesoderm. 

An arrangement of the latter into two lateral bands (mesoderm- 
bands) now takes place, its cells withdrawing more and more fn>m 
the median line (Fig. 158). This withdrawal from the median 
line is, however, not complete. Into the space between the two 
mesoilerm-bands the yolk often thrusts itself, giving rise to the so- 
called wetfiaTi rvhje. Segmental cavities (cavities of the primitive 
segm^rifit, us) now api>ear in the lateral parts of the mesoderm, and 
the mesoderm-cells become arranged as an epithelium round these 
cavities and form the wall of the primitive segments or coelom-savs. 

The cavities of the primitive scgnii'iits ariH<% as a rule, by a splitting of the 
iiieso<lenii. Heidku (No. 38) thought that in the case of Hydroplixlus he ha*! 
convinced himself that they arose merely by the widening of a slit, whioli was 
already recogniMhIe at an earlier sta^e l>etween the two layers of the me^pderni. 
and which conUl l>e traced back to the lumen of the archenteron compressed 
dor»o-ventrally. (hiAitER (Xo. 30), however, in his more recent investigations 
on this {K>int, was not able to sati^ify l)ims<>lf of the {lersistencc of these slits. 
On the other hand, Hkidkk'h view bus 1*een eontirmeil by CAKUikac (No. 13) 
in the caM> of Chalicotlomn, These observations atford supiwrt to the view first 
adopteil by 0. and K. Heh'Hvig that the cavities of the primitive segments 
in the Insecta reprenent |Hiired diverticula of the archenteron. 

The lar^e primitive begments of Ph ftUotb'omia arise in a different manner 
fnmi tl)(>*«c of Jltnlrophihis. The mcH4Mlenu of the germ-band is here at first 
only ft «iiigb' layer of cells. This simjile layer, as the limb-mdiments dereb>p. 
8e}>anites with tlie e<.*to4lerm from the *«urface of the foo<l-yolk, and cavities thus 
arijte in every segment, these cavities, surrounded by mesoderm -elements, 
iKMtmiing the close<l coelomic sacs 'Hevmons, Xo. 48). 

Tlie jiarts of the mesodenn lying lat«ndly in the germ-band are use<l in the 
formation of the primitive segment*^ Fig. \b^ D and E), Not all the me^>- 
dermal <IeiiientM, however, enter into their formation. Some of the mesoderm- 
cells which lie nearer the mc<lian liiit* alway> remain distinct {ef. Fig. 157 .1, m). 
The ;^ri-at(T the hi/i' of the primitive s«>gmcnts, the smaller is this remainder, 
and r'n't V'-rad. ThcM.' elements are iriegulaily arranged and re|kretcnt a kind 
of iiKM'iK'hyiue. 

It waji (i<nnte<l out by Heidek ^Xo. 3S), and recently by Grabbr (Xo. SO;, 
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PKi. IST.— TnniTFTM ■eetlou IhrooBh th« ibdomliul rigloiiDt Ihm cmuuciiUn atagei In 
■livdopniiiiit of ektaadremia ninniinim (irtiir UiVHuBB). an, •iiiiilani V3. mllBMnl ol 
th* vnitnl sbilD at t^wiKlIc, c. coclumlc nvltyl c', doml, uid C", fetitnl porUon at ttai 
(welomlc oivitr '. a, eelli of ibe prlmfUve legmsnU whidi bcconia applial to the ganlUI 

Cflll-, H. •lalomlDal llmb-nidiineott ; /, niiLlnieDt of thi flil-body ;*! 0>.1 (Mil till Mll'l 
Iw. IMcnl mil of the coclonifc us; ■>. msHdenD-eell* ahlcb do noc^tako lort Id tbe 
lomiAtkin of Uie corloiale uc* : mw, median wtll of tbt coolomio nc ; M, *oi " 
bre 1 ns nntnl loii|]tadlus] uiiuclt. 
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th»l the bonndariea of tlio conBrcutive priuiitivo wKmrnta wliicb are marlcKil 
1ij iliBsepitnenU do not alwajB elactlj coincide witli tlli>sA nj the wttuK^t* 
of the germ-lund. Thii is especially noticeable in later atoK^, and is eauaed 
b; the formcc shifting a little in poaition. 

Ai a rutu, racli Inie scgoient of the primary trunk hu a l«ir of priiuitire 
segmeula. Besidei these, a pair of coeloniic ucg derclopa in the primary 
ceplulio r^ou in Blatia (CBOLODKawsKV. No. l»), iu SUnobeArui and Jlaatu 
(Gkageb, No. 30). Theae aaca would correspond to the ceplulta caTitteB in 
Ptripnlat (p. 1!>S). Ths Orthopten also appear to have • p»ir of ooelumio Mca 
in Uie terminal aegment (Cuolodeowskv). In HydeopkUva, on tlie contiuy, 
the Dorloiuic IOCS are not only wanting tn lh« ccjihalic nnd uul rc^ona, Imt 
appMr aupprvuni in the mandibular aogmeut, and tlieir dev«lo)>meut ii delayed 
in the Snt nuiitlary segment (Hkiser). 

The coelomic aacs vnry greatly in size in the different groupB 
of Insects. They ilevolop to the greatest extent in the Orthopters 
(Fig. 157), in wliich almost the whole eell-watcrial of the mcso- 
detm is used up in their formation, and in which, nccording to 
Choi/)dkow8ky (No. 19), Grabbr (No. 30), and Hkthonb (Na 43), 
the conditions under which the coelom develops hear considenble 
reaembUnce to those described in connection witli Peripatue (p. 199 
et ^.). Tlie very extensive cavitivs of the primitive eegments which, 
in the Orthoptera, reach into the linib-rudJments also (Fig. 157 B.fx), 
at a later stage artt broken up by constrictions into dorsal iind ventral 
halves (Fig. 157 B, e, e'). The ventral hiilvca ((■'), which extend 
into the limb-mdimonte, soon degenerate (Fig. 1Q7 C), the cells 
of their walls losing their epithelial continuity and becomtn); 
irreguhirly ^roupeil like a mesenchyme. The Hhiftiug apart of tlicsr 
cells and their seiaration from the surface of the food-yolk thin 
gives rise to llie pernumetU bo'ly-cavity. The dorenl halves of the 
cRvitiea of the primitive segments, on the contrary, are long rct«ined 
{a« will bo seen lielow, p. 336) and plsy nn iingrartant part in the 
development of the layer of intestinal ^bres, the heart, the pah 
cordial septum, and the genital organs. 

In the higher groups of Insects (the Culeoptem, Lcpidnpter&, and 
Bymeno[)tera), the primitive segments no longer form on such an 
extensive scole (Fig. 158 D-F, iw). They are here comiiUMtively 
small sacs lying in the lateral parts of the germ-baud, and corres[i»nd 
to the dorsal parts only of the coelomic toes of the Cirthnptcrs. The 
ventral pnrts are here from the very first reploceil by miMcncbyme. 
There are consequently, in these forms, no coelomic direrticula in 
the limb-rudiments. 

Id the liiaeidat, tlie defclopment or corlomic nn Im apjiaraitly mmplrtrly 
■uppmaed (Okibis, No. 28). We find their equivaUtit kerr iti divnIienU, 
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which a|i|K4r at a comparatively late stage HriJ rilli niit Sroai llie ilpfiniUrs 
body-cavity. 

The mesodenQ-baads, which become Bepantn], uuitr agtin later, tlic meant- 
ohyme-cells rrotu the one mje becotuiiig eluwly applitd lu thow from the otbtt 
in the median line. After the median yolk-ridgo degvueratsa, a oall-iwcuiunla- 
tion ottea fonns here (Fig, 158 £) ; tilis cxti-tids below the rudiment of tha 
veDtral chain of jfauglia and owes its origin to the mefKuciiymp-aclla. It i* Ihii 
cnll-Rtrand which ban been called by Nvkbauh ['So. 57} the chorda of the 
tnieota. It ia linally ua«d up in the fonnation of coniicclive and oUior 
metodermal liuues. 

The }iermanenl bodt/eavUy of the InKcta nrisrs quite indepeml- 
ently of the coeloniic cavities, by a eeparation of the genu^nd 
from the yolk (BOtschli, No. 11, Fig. 158 F. I). It ftpi)e«w to be 
bounded on the one hand by the surface of the food-yolk and on the 
other by the irregularly arranged meeenchyme-celk. We can at first 
distinguish in section three distinct subdivisions of tlie body-cavity 
{Httdropkilu*, Heidbr) : a median space and two largo paired, bteral 
spaces which unite later with one another, and with other Uctinas 
which have arJscTi by the shifting ajxirt of tlie iiieeenchyme'Crlla 
{e.g., in the limbs). We may trace back the spnces of the peminiicnt 
body-cavity, as in Perijialii* (p. 201), bo the primary body-cavtly or 
cleavage-cavity. It becomes appai'ent as a series of lacunae in the 
mesenchyme and everywhere shows the choiacler of a peeudocoolp 
{</. Introduction, Vol. L, p. U). 

In l&ter stages of embryonic development, the coelomic mcs ud 
the permanent body-cavity enter into cotniunni cation (Fig. 167 A^ 
ua, Ut). The consecutive coelomic sacs first fuse together through 
the deg^eneration of tlie transverse dissepiments that se[>araU!d them ; 
a slit then opens in the median wall of the coelomic sacs and 
connecta their lumina with the jiermanent boily-cavity. In the Uter 
transformations undergone by the wall of the cjioiomic saca, the 
latter can no longer be recogniced ae separate sectiona of the whole 
body-cavity. 

8. The Formation of Organs. 
A. Outer Integument, 

The bypodennis arises by ilircct Inumfuriualiuu from tlio colla of 
the ectoderm. In Int«r embryonic stai^cs, llic cuticle of the youngrst 
larval stage is secreted at the surface of the hypodormia. The 
occeoory Btructure», such as bain:, r«lae, etc., rise from apeciaU; 
large hypodermal cells [xela/ mother-eelU, Tlcnoiiuiorp, Ha. 79). 
Similar cells {»cale molher-cetU) give riae in the puptw of tiw 
I^pidoptera to the scales of the wings (SsiirEn, Ko. 136). 
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Endo-Bkeleton. 

The endo-skeleton of the head (leiiforiimi) develops out of two 
pnira of ectodermd invaginationB ; the iinterior invagination developa 
on the inner side of and aomewhnt iti front of the mandible, the 
posterior within and soniowhat in front of the second maxilla. 
The anterior pair liecomee connected with the posterior and gives 
off two Bupporting columna which ascend on the inner surface of the 
cljpeus towards the dorsal side. The median fusion of the posterior 
pair leads to the bridging over of the sub-oeaopliageal ganglion oud, 
in many Insects, a transverse trabecula is thus formed in the cavity 
of the posterior part of the head (Tichoiiboff, Gtuast, Patten, 
Heidkr, CABitli:iiK). 

Similar ectoilei'mal invaginations bring about tbe development of 
a clutinous tendon for the flexor mandibitlae and a similar smaller 
tendon for the antagonistic muscle. 

Hatschek (No. 36), who was unaware of tliu rclutiau of theu invaginaUouii 
to tlie hsrd structures of the head, tLoaght tli«Di to lie tracheal iDvagiuations. 
Thej have beeu regardud iu the same way recently by CABBituE (No. 13). 
Since this kiud of endo-skeleton ja found in other groups {e.g., the Cruataoea, 
Vol. ii,, p, 160), and the hyjiothetical traOBrormatiou of a tnvhea into an onif 
skeletal atroctore of this kind involTes the idea of a conriderable change 
function, we do not consider the homology between the invaginations under 
ponsiduralion and traclieal iuvaginatious sunicieiitly well eatablialied. Wo are 
inclined to regard the fomiei' as atructurea of a ilisCinct character, all the more 
so that thej do not by any ineaus everywhere a^^rec ao clonely in position with 
tracheal stigmnlo of the following segments as they do in Clialieahiiia.* 

0. Tbe Nervous SyBtem. 

All the parts of the nervous s.ysteui are derivatives of the 
«ctoderm and appear in the embryo as ectodermal thickenings. 
The rudiment of the ventral i-liain of 'jan'jtta is found, as was first 
shown by Uatbchek, soon after the gastrula-invagination closes, in 
the form of two longitudinal ectodermal thickenings tunniog on 
either side of the median line. These are the so-called pHmHice 
4ieeUing» (Fig. 147 A, p. 297), whith extend from the cephalic 
region to the terminal segment and show between them a median 
depression, the primitive groove (Fig. 158 C, pr and pio). Soon 
after the appearance of the primitive swellings, the first signs of 
segmentation can be seen on them, the swellings being thicker near 
the middle of the l>ody-segments than at their boundaries. The 
primitive swellings pass anteriorly at the sides of the oesophageal 
• \Cf. footnote, ].. 78.] 
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invugmation {nuiiment of tlie oesophageal commissures) on to th« 
cephalic segment, anil from Ibe first are directly connected with 
the rudiment of the hraia which develops from a thickcuing of the 
cephalic lobes. This character has rccentljr been specially emphasised 
by Pattkn (>'o, 67), and lias also been maintained by HnoBR 
(Xo. 38) and Oraber (No. 30) against Will (No. 97), who considen 
that the bTain-mdiment of the Aphidae (neural plate) arises inde- 
pendently and beeomea lonnected with the rudiment of the ventral 
chain of ganglia through the oesophageal commissures which ftriao 
only secondarily as in the Crustacea (cf. Vol. ii,, p. 160, footnote). 

The widenings of the primitive swellings in the segments gin 
rise to the ganglia of the ventral chain, and the inter«egm«DtBl 
constrictions to tlie paired longitudinal commissures. 

Transverse sections (Fig. 158 C, p. 331, and Fig. 135, p. 273) 
show thai the ectoderm becomes niultilaminnr in the region of the 
primitive swellings (i»e). At a later stage, the lower layers sepoiBta 
by delaminatioi) from t)ic superficial layers (Fig. 158 D-F, r) koA 
form the so-called lateral tordt, i.e., the rudimeuts of the longitudinal 
strands of the ventral chain of ganglia. Tlie primitive groove (/»■) 
deepens meantime and forms tin invagination extending between the 
lateral cords. Thi- cells at tlie base of this invagination represent 
the so-called middle cord and give rise in the middle of the segmcDt* 
to the transverse ne^^■e-commi.ssu^es of the dilTerent pain of gaoglk 
(Ratschbk). 

With Ttgaitl to the coudiUon of the miJdle con] in llie int»r-g«igUDBie 
regioD, opinioiu sit ititl divided. Hatschek's tIfw that the primitive ipoo** 
fUttcM out in tliit nginn, iti wall l>«ing ussd up eDtirely for the fomwIiMi 
of liyiNxicrraii, li«t Iwrii gviierelltr acvapl«il, liiit Gradbk niainlnin* iVo, SO) 
thst in this rpgimi klso a nietliAii cord splits off wliioh di^ioMtn at s later 
■ta)[p. 

The uerve-filirilUfl nnw tint on the Iiiiwr or tiasil nirfiKe of tJis Utcnl 
■trsnili an<l tlic iiii'ldlc ttisml. &ooudarily, by sliininK their imition, tbsy 
btoonie ciif olot>ed by fiangliuuic CfilU (tf. on a similar conditiuu in tlic CmalBota. 
Vol. ii.. !>!>. leOiiidlSl). 

LBTVtn alatnl liiat, in iiiany luaecta, there is ■ double trantverae commlann 
In each of the ganglia of the ventral cord, and a eorrca]wnding dnubU nidtmtlil 
ha* been rapesteilly shown to exist in the «nbr]n> (rATTSM, No. OS; ATKW, 
No. 1 ; HiiUBR. Xo. 38 ; Whkiijcb, No. »S; Or-iiiKr, So. 3D|. Xo detailtd 
accRiiita have m ytt bo»D given ot the maimer in which th« narves gIfM off 
[■xripIitrBlly by the ganglia of tha ventnl cord arise. 

Tlie Tetitnl diapliragui liridging over tlia ventral gaiij;lioiilc chun (ns- 
1<; A, dr, p, ZtO), which lias been obMrred id many Imecta, 1* drrirad bj 
KoROTKn'r (Ko. 47) (imu tlio meaoderm, but Hkidkr (So. tS) fach«n> that 
he waa able, in tl</droiil>dat, to traoe its origin back to ectodcnn-otUt lying 
latfnlly t« the radlnieot* of the ganglia. 
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All HiHismilly regular arrangemeut of the cells ia shown in sections 
through the rudiments of the ventral cord in many Otthoptera (Fig. 
159). Wheelsb (No. 94) has recently recognised as " neuroblasts " 
four large cells (n-n) lying on each side on the surface ot the lateral 
corda in Xiphiditim ; these cells, by repeated tangential division, 
give rise to the ganglionic cells, which are consequently arranj^ed 
in vertical cotiimna {r). Gbaber (No. 30) and Vullaskb (No. 84) 
have observed similar pheuom- 

«na, the former in Stenobotlmu n., n, ^ 

and the lntt«r in ManiU.* 
The middle cord, according to 
Wobelsr, has neuroblasts {m 
only in the iotergangltonic 
region ; these, Iiowever, soon 
efaift to the posterior side of 
the transverse commissures. 
In any case, as Wbeelbb has 
pointed out, the presence of 
eight longitudinal raws of 
neuroblasts points hack to a 
similar condition in the Anne- 
lida, where only two such rows, 
produced from neuroblasts, ore 
found (Vol. i., p, 294). 

The rudiments of one pair of ganglia of the ventral chain originally 
appear in each of the sixteen segnienta of the primary trunk. Fusion 
may occur between these rudiments later, and may bring about an 
apparent reduction in their number. The ganglia of the three 
maxillary segments, for instance, unite to form the sub-ocsophsgeal 
ganglion, and the last pairs of abdoininal ganglia fuse in varying 
numbers, shifting further forward at the same time. In individual 
cases {e.g., many Diptera), a considerable concentration of the 
ventral curd ia brought about by the fusion of consecutive pairs 
of ganglia. 

The brain (anpta-oesophageal ganglion) develojw iu the anterior 
region of the expanded cephalic lobes. We can, at an early stage, 
distinguish in the brain-rudiment the following sections ; — 

I. Paired thickenings of the ectoderm running forward at the 

* [BOBOEn (So. II.) tiDiJg that tlio ganglionic cells in ChaHeodama sriM 
■tmiUrly from uenrobltuts. Iiut the trrauuemcnt U not aa n^[ulM u tint 
'i Xiphidiwn ind lloq/phora. — Ed.] 
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sides of tho oral aperture into the anterior cephalic region, vliicli 
Kpresent direct proloii gut ions of the primitive swellings (Fig. 160, 
6', 6^, Ifi), and from which are derived those parts of the brain 
knoirn as the primary ganglia, and named by Yiallanes t)ie prolo- 
ixrebnim, deuloeerebntm, and tj-Uocerebrum, These swellings becoiu 
early separated as three consecutive brain -segments. Patt»S (Xo. 67) 
liEts the merit of having Tirat ihuwn attention to this segmentAtion. 

2. A large ectodermal thickening lying latorally to the swellings 
in the cephalic lobes j«st mentioned (Fig. 160 A, oy). This is the 
rudiment of the opti/- gniujlioii, which exhibits in its [>08tcrt>«xt«nuil 



ft' i' 




or !*•> bnin In AtUit* (afur P>Tm). A. ularlor 
' cnbryo. H, tfae oina tn thmi-qiwrtn' prallK 
>. nnt, li*, iivoBil. I*, tklcd HgmcDU at tlia bnln i i, lovu^lBtUaB oftt* 
tw, \i, tKatirlu portioBi'of the liinoliiatlan : I. inilnd radUonL 
of th* aw*i Up ; ■>. iiioutli : nul. nutBiliUF : •ic', nnt, nx", ■Kond mmlllii : af. o|4l> 
■MiKllOB 1 ifi, nnt 1^. Mcmiil. H)'. tblnt trtmuA of tb* i 
f-O, radlnmita of th* ali luval ijfpi : I-If, lb* tmx utirtur ■■ 
ehilD or s*")!'!* : I, thil bekinilris In ih* pn-iMndibulir 
U th< luadltMilir wiimFiii : i;j>iid If. tbom btlaiiglng U> 

region a semi-«ircular ectmlenual invagination {t, PATTKa's giuigliooic 
invagination), wliich ylnlds further elements for increasing the optic 
gttnglion, and corrosixmds in position with a similar invagiuatioD 
found in the Oecapoda (Vol. ii., p. 171) and the Arachnids (pp. 12 
and S3). 

Tho ji«rt i>r tliv KtiKlfnii Ering titrmall; to this ionigiiuition {Tig. IV> A.tf} 
>1m beconiM UilckfD«<l, inrtm<>M (-iiD«ii|«rml>ly in ixtrni, bdiI yMda at ■ latif 
)nHo'I « larg« pu-t of tlir cc]-lialic int«pimont anil tlic rudlnMBta of iIm wjm j 
It li tlini-rrurv koowu u the ei^.c plate. 
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The separation of the braiii-rttdiment from the ectodenn, like that 
of the latern! cords, tnkea place by n process of delnminatioti. An 
exception to this rule is found in the composition of the optic 
ganglion, which is formed from the invagination described above. 
The fibrous tissue of the brain develops here as in the lateral cords, 
first on the inner surface of the brain-rudiment, and only later sinks 
into the interior of the brain and becomes surrounded with a layer 
of ganglionic cells. 

The nidimenta of the two halves of the brain are originally 
distinct from one another. Later, when the dorsal part of the head 
has formed, the two halves of the brain shift on to the dorsal aide, 
approaching one another until, finally, with the assistance of a 
median invagination (like the transverse commissures of the ganglia 
of the ventral cord), a commissural connection is established between 
them (Grassi, No. 33; Heidbr, No. 38; Gbabbr, Nob. 28 and 30). 

Tho mott iniporCanl recent detiiils of tlic development of tlie br&in in the 
Insvcta ha»e bean given by Pati'es (No. 87) tor AdlUa, ond by Vialuneb 
(Nn, S4] for Mantii. Accnnliiig to Pattkh, the wbole head-nidiinent shmTs 
signs of being enmposed of three sefimeuta (Kig. 160), this SEffmentation iffectiug 
not only the [irimary ports of the lirsiu-nidiment, but aim the mdimiDta of the 
optic g&Dglion und of the optic plates. 
On the tlirea consecDtive Bejfmenls " 

into which the optic ]>Ule [op] is thus 
divided, tbs rudiments of the six 
ocelli of tbc laivs are distributed iti 
Aaliui, two ocelli oecumng on e»uh 
segment (Fig. IflO .4, ^-0'). In the 
shitting of tlie sepiirute parts of 
tl]« mdimi'nt of llie heaii, wliitli 
takes place at a later ytage in con- 
nection witli the development of 
the cephalic tergn, as above uien- 
tioued (p. SOS), changes occur in the 
position of the ocelli with regard to 
each other, but these vr cannot here 
enter upon. The invs^natioD above 
dCKfib^ also, which participates in 
the formation of the optic ganglion, 
is broken np, according to Patten, 
into three sections corresponding to 
the segmentation of the brain (Fig. 
190 B, i', ^)\ in Adliiis, only the 
two anterior sections can Iw recognised 
OS distinct invaginations, while the 
third is replaced by a solid ingrowth. 

PAmts's statwiients have been almost entirely conlimied by WBaj!i.Ett 
(No. B9) in the case of Doiyphom. CAUHtfeSK's [No. 13) observfttions also 
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seem to coiiRnn Patten's Tiews. Heidep. fNo. 39} and Grarkii (Ko. 30V 
honever, altlmagh convinced of tbo jirexeiice of a (irinury MgmetiUtion of thii 
brain (b'-H') in S^TOphilvi, wera unalile clearly tn recognise it in the ojitie 
ganglion and tlie optic plate. A comparison tritli the oondition in otlicr 
ArthT«[wda, especiall; in the CruBtacea [Vol. ii., p. ]6'2 ft nq.), alw aopporta 
the view that tlie optic gaa^^lion is n Bccondsi; section of the brain l«liiii|ptig 
eieluBivel<r lo the most anterior pstt. Tliii view is in agrccnieut also with Um 
recent statements of Viallakes (No. SI) nith regard to itantii, Aoconling to 
this author, the jiriniary port of tbe brsin breaki ap into thr*p acctioiw, o 
spending to the proUeatlrrHm {pe), the daitoeertbrHm (i/r), and the tr 
{(e) of the adult Of these, the protoeerebnuii is connected srilh iha optic 
ganglion (ffo) and also yields the iierves to the ocelli (no), h well as the domi 
integunienUr; neirea ; the deutocercbriini yields the antCDOal Bern* (im' and 
W), while the tritooorebrum gives off tlie lahro-froulal nerTss ({0 which in 
connected irith the frontal gauglion. In tlie rudinietit of the o^i^ gaBgUm, 
YiALLAMEs could only recognise a division into an onter and an inner part 
(pTemier lobe ynlaetribral and dtuxiimt lobi jToltKiriibTal). CllOt.onxowsKT 
also (No. 20) obaerred the ■egtnontaljon in the brain of I'kyUodromia. Be, 
however, considers the optic ganglia as )>elonging to the third wgment of llit 

Tlie above eonsiderttions incline us to regard the primary ecplialie r«gion m 
being derived frcm tlireo fused sagmmts. Of these the most anterior wonM 
have to be called tlie true primary eep/iiilu- rngmnil. The asgnient of the brain 
belonging to it (the protocerebruin ) would be the homolngue of the Aundaka 
braiu derifed from the neural plate. The second crjihalia soguJi^nt »hi<A «• 
should have to identify with the antrnnnl teffiiii^it' would have t" l>e regatdad 
as a post-nral tnink-ac^ment which has shifted torHard secondarily (p. 295], sad 
the third oeplialio segment would also have to be reganlwl in a aitnilar tnaaiMrt 
being rallDWed eventually by the hyjwtlielicnl pre-nisudilmltr segment ■nd Ibaa 
by the mandibular scgnienL 

Taking into account what has jnat been said, it must appear remarkable tha^ 
aa far, oliservsrs have Iteeu able tu Hnd outy oiip ^lair of oovlomic saoa in th» 
primary oepholic region (p. SSO). This.iiair, aiTiiriliug \o CaoLoiixowavr, 
belongs to the anteutul segment into the appendages of which it is prolonged. 
We should have to assume that the [Air of primitive segments tictween thcat 
CDoIomic laea and thoM of the niaudjbular srgtueut have be«n aecoudatilj 
■upiircssed. 

It should be mentioned that titeJ'nnUit gatgtioK and the unpairrri e tstfjtflywl 
nenv cooacctnd with it are iudepeTi<leiit structures whii'li only aecondarUj m 
Into connection with the brain. Tlicy owe tlieir origiu 1 
invagiiiatiun wliinli belongs to the anterior wall of the oeiopba^eal dcpp 
This invagination yields tbe material for Ilie riinuati<in of the frontal g 
and the oceophageal nerves (IIeideh, No. 3S ; CAURikKK, No. IS). 

* It should l>e mentioned that Paitbn (No. e;) and CauiiIihk (No, II) 
reckon Uie anU-nnae a* belonging to the third brsin Hgment. [BCiuJMk. h> 
liSs work on Ckalicodoma (No. II. >, based largelr on CARUitaE'i nol«a, clatMs 
the antennae as bolongiug to the deulocerebrsl segnienl. A ]iair of minate 
evaneseout a)ij«ndagcs were found by CA&attRK on the protoccreliral and 
toother pair on tlie tritocerebral segmenL It ii thus evident, from hla [nMt- 
hamons woik, tliat CaRKIItRS had ceased to reckon the anl«nnae as Ifeloitgtiig 
to the tritooerebniu. — KkJ 
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D. Tbe SeuBoiy Organs. 
The Ocelli. 

Detailed accounts have recently Leen given of the Jevelopment of 
the ocelli by Patten (Ho. 67), There are, on each side, six ocelli 
which, Recording to Patten, are distributed io three iiairs on what 
he asetunes to be the three most anterior cephalic segments. The 




Tib. IU.— Tiro >t«gi>ii in tlii ilcwlnpineiit or On Sttb dhIIds of m JeilUt lorn (*Rw 
FiirmX '. cutleulir tod) ; d. TOdlmi'iit at Ou chllinona Im*; A, bypodertnU : I, kntlgcn 
lajiri (ritreona bu-Ix); n, usrvc; r. nidlmeiit oF IhB ntlni; ip, rcrtlcal slil In tlu- ntin*-, 
t, the rstlMl Hill bordertn^ Uili itll tat'-ntly. 

individual ocelli of these tlireo pairs differ considerably from one 
another in structure and development, although a certain unifomiity 
of type can be recognised. The fifth ocellus (Ihe ventral ocellns of 
the third pair which, however, has shifted far forward in the larva) 
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iipproaches this conimoii tyiw the most uoarly, ami we shall therefore 
content ourselves by dcsmbing its development olone. 

The rudiment of this ocellus (Fig. 102 A), at a certain stage of its 
developmect, strikingly rccalla the simple opti<- pile or cup«hBM 
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uyes fouiiil in certain Molluscs {Patella). It is a sinijile piUike 
(lepreasion of a thickened part of the hypoderniis. The elongate 
cells which compose the wall of this depression are arrsngeJ in a 
simple layer and, at their free end^, which are turned to the optic 
pit, carry a striated cuticulai margin (e), while theic inner oi basal 
ends give off the nerve-fibres which unite to form the common 
optic nervo. 



Accord iijg to 1 
this apfisreiiCly 
mdinieot )irs ar 




the furion of at least 
four distiuct pits wLicii 
reprcMnt primarr em- 
IjTjouic! organs, and i[i 
slruoture recsll the eye- 
pita on the niargiD of tlie 
niautU ill Arta. Tlic 
uerve unrrespondingly 
sliowR {u compoaitinii 
out of four originally 
segiaratv bundles. 

In later stages, the 
eye- pit closes towards 
the exterior (Fig. 162 
B), the marginal parts 
pUBbing inward until 
tbay meet over the 
<leeper parts. In this 
way the pit-like niili- 
ment gives rise to an 
eye-cup which has by 
this prttcess become 
trUaminar. The cen- 
tral part of the outer 
or aui>erficial layer {I) 
becomes the Imtigen 
layer (vitreous body), 
while the peripheral 
parts become the ]>if(- 

mented iria. The cuticular margin of these cells gradually gives rise 
to the cuticular ehitiiions lens (cl) «f the ocellus. Laterally, the 
auperficiol layer of the eye passes direct into the hypoderniis (A), 

The deeper layer of the eye, which etill retains its cup-like curve, 
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must be considered as the rudiment of the retina (r). From il8 
cuticular margin are derived the optic rods. Certain peculiarities 
characteristic of the eye of Acilius now develop. The chief of 
these is a slit traversing the retina perpendicularly (^;>), which is 
bordered by the horizontally-placed rods of the large retinal cells 
{x) which lie next to it. In the further course of development 
(Fig. 163) a flattening of the cui>-like cavity occurs, owing to the 
growth of the cells forming the base of tlie optic cup, and the nxls 

belonging to these cells 
consequently assume a 
more vertical position. Tlie 
retinal cells at the edge of 
the cup, on the contrary, 
curve inward and form an 
inverted marginal layer (m) 
with its rods directed 
towanls the base of the 
retinal cup ; these cells may 
be reganled as the rudiment 
of a third layer intercalatetl 
Wtween the two princi]»al 
layers of the eye. 

The a1>ovc woiiM justify us in dvrivin^ tlic liiluminar lusectan oyo from « 
tlireo-layennl oyo l»y the uti-ophy nr inromplcte developmont of the njitKUc 
Uyor. The ori^iiml prewnee of tliree layers in the (K.*ellu8 is, accorrhu^; to 
Pati'KN (No. (it)), still more tlistinctly ni-ognisalile in the eye of the youugrst 
larvae uf Jliftlrojthilus (Fig. 164), in witieli xhv uptie invagination presses into 
the optic rudiment not from thf middle, hut t'loni the e<ige and from the dt^rsal 
side (Fig. 164 J). Even in later stages a vt-«tige uf the middle ccll-layvr (Fig. 
164 Bt III) is retAintnl. Accortling to Okknai iiEii's oWrvations (No. 151), the 
ocelli of certain Insects apjiear to reniiiin throughout life in a much more 
primitive comlition than would ))e ex{)ei*teil from Pattkn's statements, th«* 
optic vesicle in them never closing completely, and the layers of retinal celli» 
un^l of eelN foriiiiiig the lens lemainin;; in direct continuity with the hy]M>- 
dermis {e.g.. Fig. 165). 

The statements of Pati'KN do not agree witli those of CAliBlkKK (No. 14). 
If we rightl}' understand the latter author, in the development of the ocelli of 
pui>iie of Chnjsididae and JchncumoHuitu', the !ie|iiiration of the retinal layer 
from the lentigen layer takes plaee liy di-lainination, while the optic invagination 
which foims later develo|»s aeconling to tin- ly|ic of the cuj^eye, and at thf 
same time stands in a certain i elation to tlit> •levelopment of the corneal lens. 

The larva*' of th** holometaboli** Insecta are, as a rule, devoid 
of rnin pound latc-ral eyes (fac<»t-eyi's). Thfse develop only in the 
gradual transitinii to the imaginal stage. The larvae, on the contrary, 



Flo. 1«W.— S4»clii»ii throu){b tli»» eye of a <'oleoi»toran 
larva (/^.vfiATMj) (after Orenaihf.r, firuiu IIatm.hek'h 
Tfxt-b*nik). e, ehitinous ciiticli' ; f, conieftl U-iis ; 
A, )iypo<leniiii ; jc, pigment •caIIh; gk, viTfona 
body ; f, retina ; h, baiuil nifinbrRne. 
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pyssesa a numlier of laterally placed ocelli {very often six). The 
question now arises as to the relation, of the compound lateral eyes 
of the imago to the ocelli of the larva. It is certain that the latter 
degenerate and are not taken over into the imago. In the pupa of 
the Lepidoptera, the degenerating ocelli can be seen detauhe":! from 
the hypodermis, and drawn back into the interior of the larva on the 
optic nerve as on a stalk (CARRitRB, 
No. 147). Since, at this time, the 
rudiment of the comijound eve can 
be seen as a hypodermal thickening, 
it might be thought that the ktt^r 
was altogether a new ocquisitiun. 
But, according to Pattkn'm observa- 
tions on Aeilius, thote seems to be 
a certain relation between the larval 
nnd imagina] eyes. In Aciliug, the 
higlUy developed and complicated 
lan'til eye (the first) has a peculiar 
dorsal appendage, whicli perhaps 
represents the vestige of an ocellus. 
The hypodermal thickening, which 
leads to the development of the 
ininginal lateral eye, develops first in 
the neighbourhood of this appendage. 
In later stages, this rudiment forms 
a thickened band which almost com- 
pletely surrounds the six ocelli. This 

position perhaps favours a view irhich regatda the complex of the 
six larval eyes and the compound eye that develops lat«r merely as 
differently develogie*! parts of one and the some optical area. We 
shoidd here recall Grbnacher's view, according to which the ornmn- 
tidia of the compound eye on the one hand, and the ocelli on the 
other, represent merely difl'erent ontogenetic forms and grades of 
development of one and the same typo of eye (chap, xxviii.). 

Tlie ftontal ocelli of tlie imagines of many IneccU Lnvc notliiiig to Ao ivith 
the larval ocelli. Ajpunst Patter's view tbat they may perhaps atuid in aeam 
relation to tlie compound eyes we might adduce th« iudcpeiiiJeut conditiou of 
their iiiuerratiou. Tliesc ocelli are aitea tlirea in number. Patibk (No. 68) 
obiwrved ill Vttpit that the uiedian unpairo'i ooellua is derived ly fuflion from 
» piirod nidiment. 

The details of the development of the compound lateral et/et 
(fan-shaped ot facet-eyes) are so far chiefly known in connection 
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will) the pupno of the holometabolic Insecta (Diptora, Weismanx, 
No. 129; Lepidoptera and Uyuieiuiptera, CARidiRK, No. M"). In 
many cases, the Gnt rudiment of the facet«yea, u we mw above, 
is a paired lateral ectoderm -thickening, while in others, oiity a 
crowding together of the individual ectoderm- ceils C4ii l>e Been. 
The separation of the singl« omniatidia (single cjres) here tskce 
place exclusively tlirough histological differentiation (Fig. ]Cl}). At 
an early stage, na described in connection with My»is (Vol. il, 
p. 169), the single ommateal i>Hlnr» and the undiffcrentjatcd ttarae 
between them, which in Vetfia form very massive inltrmfdiatr 
pittaiv, can be distinguished. In the region of the tmanaitat 
pillan the cells become arrnnged to form two layers, tliv outer 
yielding the cells of the crystalline cone (2) and the prindpal 
pignient-celU (5), while the inner }-ieIdB the rotinulae {4), which 
are connected with the nerve-llbres (S). The cells of the cryvtalUiM 
cone secrete outwardly the cuticular corneal lena, while the erytUl- 
line cone develops within them in eyes of llic euivmc tyixt. The 
c«ll8 of the intcnneiliatc pillars (/) give rise to tli« so-called 
accessory jiignient-^-cUs. In the course of further devclopiQent the 
optic rudiment thickens coneidertibly. the single ommatldlA thti* 
becoming taller and narrower, and also shifting closer together. Th« 
relinuln-cells especially gain greatly in height Pigment becomn 
deposited ImIIi in ttie retinula-cclls nnd in the vnrious piginent-ceDii 
which cover the outer side of each oiamatidiiini. The development 
of tlie most essential featurcA of the ommatidia seems to be thus 
<;ompleU<d (Carhi^hb). 

E. Tbe Tracheal System. 
Tlie tracheae arise as {mired, Bremen tally arrangod ectodrrmal 
invaginations lying laterally to the limb- rudiments {Fig. liiA,tt, 
p. 295; Fig. 147 A «/, ix 297; and Fig. 158 E, tr, p. 3-21). The 
tracheal invaginations ate usually found developing at a sumewliat 
uatly^stage soon after the appennuice of tlie limb-rudinicnta. Il, 
however, nppean from one of OoAi^rs oWrvntions (No. 33) that, 
in JapS/x, the tracheal system does not develop until a Inte onibryooic 
stage. This would have to b« regarded ns the nioro primitive coo- 
ditiun, recalling tbe Myriopoda (pp. 243 and 25t). For since tlie 
tracheal syatiiui, phylogenetically considered, repreaeuta one of tlu> 
latest aciuisititins of the racial form, its cnrly dnvclopmant id moat 
Inaectx must bo considcrMi ns licing secondarily shifted bock to nriy 
lUgaa on account of its importance^ 
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The originally Biinjilc tracheal invBginalions (Fig. ITiS E, ir) lirst 
viden at their bases, and then soon give off the tracheal branches 
as diverticula, while the imrrowed aperture of the in\'agination is 
retained as the stigniatic branch and stigmntic aperture. The two 
longitudinal trunks of the tracheal system arise from the consecutive 
tracheal invaginations ; these give rise tu horizontally placed out^ 
growths, which grow out longitudinally until they meet and finally 
fuse with those of the next segment (BOtschli, No. 11). Only 
in late embryonic stiigea is the cnticular tracheal intiina secreted. 
The tracheae become filled with air, according to Weishann (No. 
87), to a certain extent even before the embryo hatches, the air 
being exuded, as it appears, from the tissues and the body-Suid. 

The further devclopiiiettt o( the liiiclicai raniiJiciitiona is brought about, as fai 
as has yet been observed, by the coutiiiuous foniiation uf diverticula. The 
branches vfhich thus arise are therefore iutercelliilBr etmctnres. On the other 
hand, it should be mentinaeii that the fineet tracheal branches are iatracclluliti' 
uanaU, Although ScBAFFEa (No. 124a)' lias correctly pointed out th»t the 
diHerence between these two methods of fomiaUon is not oF any Rreat impor- 
tance, since in both cases there ia merely an increase of surface (of a celt-plate 
in intracelhiior ori^n, or of a few ce'IU in interci-llular formation), the distinc- 
tion has a certain interest when ve compare the condition in PeripiUwi. The 
tracheae of Peripiilua cousiat of numerous very fine tubes Vi'hich. united to form 
a tuft, arise from a short funnel connected with the stigma. We may perliape 
consider the fine tubes of FeripiUia as equivalent to the intracellular and the 
funnel to the intercellular portion of tbe tracbeal aystem of the Insecta, 

At certain stages of development the tracheae bear a strong resemblance to 
tbe rudiments of the salivary glaudst and the Malpighiau vessels. Tills circuni- 
sbuioe, as vrel] us the position anil number of these iavKginations in tht 
Hymenoptera, gave support to tlie vien- (held by BCtsciim, No. 11, GitAisi, 
No. 32, and to some extent alao by CAaaifcaB, No. 13) that n-e have in thr 
tracheae and these glands homologous organs. If we consider tlie sustomy uf 
Ptripnttii, wo slinll find that there are objections to this view. The apparently 
irregnlnr distribution of the tracheae in PeripiUus, and the facta that glands 
(salivary and excretory] similar to those of tbe Insecta and perhaps homologous 
with them are also present, shoir that tlie agreement in position and in number 
is ot no oonsetjuenoc. Ahove all, however, the traclieae of Peiijtaiut in stmcture 
differ greatly from the glands undei' consideration. Even Muhelev's view that 
the tracheae are transformed integumental glands, a view also held by PALUIiti. 
olfeni many difliculties. Apart from the circinnstance that, in forms Lliat stand 
nearer to the conjeuttiral racial form of the Tracbeata, iutegunieutal glands of 
this kind are not known to e.tist, the transformation uf a secreting organ into 
an air-filled respiratory organ presupposes a change of function difficult to 
imagine. It is tiieretore most probable tliat we must regard the tracheal 

* Here also the literature on this jioint will be found. 

+ In the efferent ^lortion of many spinDiug glands also a spiral thread 
altonthcr similar to that found in Iracueae develoiis. But the fact that n 
simuar spiral thread occurs also, lor instance, in the vas deferens of the 
Cythtridat shoirs that no wei)jht can be laid on tiits ci 



iuvBginaliou aa ji structuro iiii ijCHcria, Wo may licic poiul to the o 

of the Icrrpstriitl Ieo^hmIii, in llio bvniicluul Imiiclliie of ichich air-con taimng 

RpuFCE iltogithcr analogous to tra<!licae ilcrclop (Tghu). 

T. The Alimentarr Oanal and Intortisal Olandi. 

Of tlio three sections uf tlie nliiiiontary ejuia), the stomodaamn, 
enteron, aud proctodaenin, the Rrst and third arise as ei;ti>d(TmiL] 
invaginations. In most cases tlie rudiment of the stotnixlMUiii 
appears in the germ-band somewhat earlier than that of the procto- 
daenni (p. 294 and Fig, 145 C, m, p. 391). The niuscnlatura of 
these sections is yielded by the surrounding nieooderm. In the 
stomodaeal invagination an unpaired dorsal depression soon npprnn^ 
from which are derived the frontal ganglion and the oesophagaal 
nervo (p. 328). 

Tb« actual ectodcnual diameter or the fore- and Iiind'giitahu been wtaUutlMd 
with coniiderable uertainty Ly the unanimous teitiiiiony of obsorren, ud \ij 
compariaou with the conititions in other group* of Aithmpoda. VoKLTSKOW 
(No. S&), indeed, bu recently derived both atrueturea rrom the lovrrr Uywi, 
Bud Qrahik liaa adopldd this view fur the ]>routodaeuiu ot JVHaai, Witb 
regard to thU, n-e muaC rercr to what haa already been aaid (p. SIS) m to tba 
conditioD of Jtiuca. 

Tlie oounection between the carjtioa of the atouiodaenm and jiroelodaenRi 
with that of the enteron IM usually eetablislied at a eoniewhat i«i!y emtqyoDte 
stajje. In certain Urval fomit, however (many nymenojitcra, t.g., Afit and 
MgrnaUon), no commnnicatton is esUblislied hctn-no the enteron and tlw 
pToctodacum, the latter then barloK au axotuiivoly excretory riinotioii. 

The estoTon develops ftom two originally distinct rudimenta, th« 
anterior and [xwtcrior entodcnn-rudiniente (ji. 313), which from the 
very first hear a close relation lo the invaginations of the storaodaeum 
and proctodacum. Although originally applied as simple ceU-accunit>> 
Utiona to the inner ends of these invaginations, so closely, indeed, 
thnt VoBUTZKOw (No. 85, 86), Pattkn (No. 68), and Gudsb 
(Nos. 28 and 30) derived them directly from the epithelium of 
the Inttrr, they soon extend, through continuoua cell-prolifenlion, 
and assume the U-ahape (Fig. 153 A, en' and m')* The ends of tho 
U-shaped rudiment in the anterior entodenn-mass are dirrctud 
post«riorly, hut in the posterior mass anteriorly. These ends grow 
Di)t towards each other, meet and fuse, and thus form two pund 
en lt)denn bands running dorsal to the germ-band along ita whoU 
length. 

* (Aa alrKwIy stated (footnote, |>. 317]. ItiTKuits (Xo. X.\.) anrl UcAttUW 
(Xo. XXl.X.l I'liiuider that tho nutndenn ia quite wantiuR in thcMlulUof the 
bigiicr Iniecla, the oiiil'|rut crigiualing, aociinUDS to thne ofaaerTw*, m «I«- 
dcRuol ingrowllu from tne stmiodwiun uit pnModacuni. — En.) 
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The paired entoderm-lmnJa belong to the lateral parts of the 
germ-band. They lie, ns a rule, iminediBtely l>eIow the series of 
consecutive eoeloraic sara (Fig. 158 F, p- 321), where the entodenn- 
bands {en) are aeon out through below (really iloreal to) the coelomic 
Bacs (u«). The dorsal wall of the primitivQ segments is thus in 
immediate contaet with the entoilerm-bands. Active proliferation of 
cella now takes place Eroui this wall of the primitive segments, and 
the cell-material thus proilui/ed, which splits off from the dorsal wall 
of the piiraitive aegmeiiU, forma the outer layer of the onteron- 
rudiment, the splaDchnic layer or intestinal fibrous layer (Fig. 168 
F, »pm; Fig. 170, sp, p. 344). The remainder of the dorsal wall of 
the coelomic sac left nftcr this separation enters into relation with 
the genital rudiment and yielJs the terminal filament (>/. p. 315, etc, 
and Fig. 170, e/). The entoderm-hands with the immediat«ly 
contiguous aplanchniu layer may now be termed the mid-gut 
rudiment (Fig. 150, m, p. 30C, and Figs. 170, 171, 172, ap + en, 
pp. 344-346). Ill the fotlowiug stages the eutcron is diatiuguished 
for its great lateral growth, which causes it to spread over the surface 
of the food-yolk, which it finally completely surrounds (Fig, 150 
C-F, p. 306, and Figa. 170-173. pp. 344-346). This tircumctescence, 
aa a rule, occurs in such a way that the two entoderm-bands unite hrst 
in the region of the ventral middle line (Figa. 150 A', and ITl). 
Only later do they unite on the dorsal aide (Figs. 150 F, and 152). 
The food-yolk in this way comes to lie entirely within the enteron, 
and with it ia included the remains of the dorsal tube or doraal 
organ (Fig. 150 F, k) where such is present 

The dcKription jest given of tiie development of the enterou, which r«9ta 
principiitly on the obwrvalieni! niadc ou Hydrophitua &nd Ilijillodromia, leeius 
to be directly applicable to moat Itiaects. In iudiridaal cases, iudeed, we Qnd 
MTtain deviations, as, for ioBtaucc, in ituxa, where the coelomic sMB do not 
attain distinct developmeuC (p. 320), and nhct^ the whoU of the food'yolk i« 
not tabm into the enterau, ■ portion of it remaining (as in other Diptira) in 
the body-cavity where it is gra/lually absorbed (Eowalivskv, Voilthkow, 
Orabkb). The couditjons also diflev to a certain extent in the Hymenoptera 
[Jpii, ChalUodoma, Kowaliyskv. Ohassi, CARBitBB), vrliere the entoderm 
originally occupies a dorsal jiosition (p. 81U] and ia anly gradually gi'ovrn over 
by the genn-band. The circimiciesceuce of the food-yolk by the entodena bore 
procoeda from liie doraal to ihe ventral aide. 

The BaliTaiy glands which open into the buccal cavity and may 
consist of several pairs* {1-3), arise as ectodermal invaginations 

Aocortlinf; to Scbismrtjx (So. 125), the rarious cephalic glands ol Jpit 
' are distributed in sue! 
w maiiUury segments. 
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which originally open, not into the stonioilaeum, but on the Riirfnee of 
the body. They may tlierefore tie regarded aa integumental glands, 
the apertures of which have been drawn into the buccal cavity (t). 
In the Trichoptera and Lepidopt«ra, an anterior pair of tticse glanda 
develops in the anterior and inner angle of the mandibular radiment 
(Hatbchek, Xo. 36; Pattbn-, Ho. 65). A second pair which ben, 
as in the Hymonopturan larva, is transformed into spinning glandi^ 
belongs to the segment of the second niaKillae (Fig. 143 A, ip, 
p. 286). CA.iiiui:RE, however, rec;kons it as belonging to the first 
thoracic segment. When the second maxillae fuse to form the lower 
lip, the apertures of the paired invaginations are approximated, and ■ 
short unpaired efferent duct forms, opening into the buccal cavity 
(B0T8CHU, No. n, etc.). 

We should b« prediapoied to bomologiM the sulivMy gland of tlie Inatctk 
with the glandi which opea into tho mouth in the Mjrto|>oila. Tliii new b 
opptMod by the Doniiderattou that the latter, u tnii«runuod nejihridu, ore mU 
to ariu from the lucaodenn (p. 2E1), while the ulivary gUnds of the IiubtM 
nre purely ectodenual itruotum. We iiiuet tbcrDfore Ivava the qlmlion of tbi 
honiolo)(f of these orgaiin lud uf llieir reUtinu tu iiiuitlar gUiidii in Art/MlMi to 
be decided hy Airther rMcnrdi. 

The Halpighian vessels develop as paired outgrowths of tba 
proctodaeum, which from tbe very first have a lumen. They an 
thus ectodermal structures. Two or three paira usually make their 
appearance (Lepidopt«ra, I'hn/i/antidae, HyitroiikUut). In thoN 
forms which, at a later stage, have a larger numlier of tlieac veawK 
these secondary tubules develop as diverticula of tbe prinuuj 
{Oryllotaipa, R&thicb). 



Th« llalpiKhiBj] vessels nsoally apjiear only *[Tet the deiwlo 
proetodaeal iuvsgiDatina, oh diverticula or tliU Uttor, tmt '' 
(./<j;i*and£^/<<orfo»ui),tbey fortu before tbe praclodMunideTelo|ia,aa jnngiM- 
tiona ot Uie ectodemi, and coaseqiieally at finl o|ieli on ihe nirTace uf tbe 
genU'band. Tllry then somewhat meiuMe in aiipearance tracheal tnTaginotlual, 
and this perha)a led to their being homologtiaJ with the latter, a tiew *]ikh 
we are uaabte to ithaie, and wlilch CaukiErb aUo (No. 18) diil nut odopC 
Only later do they ehift with the dcvelopiii{{ pnx^lodaeal inTtgiiiation Into tbe 
interior of the embryo. 

a. Heut. 
Tbe earliest recognisable rudiment of tlie donal ce$»el or luarl in 
the Insocta appears as a longitudinal strand of cells {ranliolitadt] 
running along the upper and external border of the dorsal lub- 
divinon of the priiuitive segments (Fig. 170, h, p. 344, and Fig. 
171, h). During the continuous circiuncrescence of the yolk hy 



the germ-band, tliia rudiment shifts more ami more towards the 
dorsal side. It is directly connected with the wall of the primitive 
segments (Figs. 170 and 171), and indicates the juuctiou of the 
dorsal with the iaterul wall of the coelomic sac. According to 
KoROTNEFF (No. 47), wliom we have to thank for the first detailed 
account of the develojiraent of the heart in the Insecta, the cardio- 
blaats are derived from the wall of the primitive segments. 

In QryUotrdpa, the form described by Korotkbff, the condition 
is in many respects peculiar. The formation of the dorsal organ is 
here introduced, in the way described above (p. 304, etc.), by the 
rupture of the embryonic envelopes. The serosa contracts to form a 
thickened plate (Fig. 167 A, rp), of which the very degenerate 
amniotic folds appear as a lateral appendage (a»i)) ^^^ whole being 
far removed dorsally from the edges of the germ-bend (*x->j*) 
icf. Fig. 150 C, p. 306). The interval between the rudiment of the 
amniotic fold and the lateral edge of the germ-baud (*x-ij*) is 
occupied by an epithelial lamella {I) in which wo recognise llie 
former amnion. Tliis lamella is not closely applied to tlie yolk, 
but is separated from it by a spacious blooddacuna (in), in which 
can be seen numerous blood-corpuscles that have immigrated from 
the mesoderm. The cardioblaats which are derived from the wall of 
the primitive segment (tu) have become arranged to form a channel 
(s/r) on each side, and thus surround the lower part of the blood- 
As the circumcrescence of the food-yolk by the germ-baud pro- 
gresses, after the invagination and degeneration of the dorsal plate 
has taken place, the two blood-lacunae fuse together dorsally to form 
one lacuna (Fig. 167 B.bt). This now represents the rudiment of 
the lumen of the heart. The two vasculiir channels, moving towards 
■each other until they come into contact, form, by fusing together, the 
wall of the heart (Fig. 167 C, i; and Fig. 172, h, p. 316). The 
Tenons ostia arise, according to Bctsohu (No. II), as paired invagina- 
tions of the lal«ral avails, in the base of each of which a slit develops. 
The rudiment of the heart, as we have seen, ia intimately connected 
with the primitive segments. The lateral wall of the primitive 
segnieuis, after giving off the elements of the somatic mesoderm, 
gives rise to an epithelial plate which represents the first rudiment 
of the pericardial septum or dorsal diaphragm (Fig, 167 A-C, dd; 
Fig. 170, p. 344; Fig. 171, p. 345, and Fig. 172, i>», p. 346). As 
•con OS the two halves of the rudiment of the heart have united in 
the middle line, the two halves of the pericardial septum also become 




c on u cycled and bouud th* 
iwricutdial space, wliicb 
19 closed [oiranls Uie 
rest of the body-carity 
(Fig. 172, ;«)■ For « 
time the pericaidikl sep- 
tum remains counecUd 
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(Fig. 16T C,ttd). TTw 
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THE MUBCULATURK, CONNHCTIVE TI3SCK, A>'D PAT-BODY. 
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lu Qr}iUotal}in »ud Oeranlkui (Atehb) tbe jHWlmor portion of tbu lieart 
<3ev«Iops flrat. The order of development of the heort is here from behind 
rorxsrd. This is &n unasiul condition, which is due to the fact that the cloaiDg 
«f the dorsal region ia retarded bj nocnniulfttei! musses of yolk in the anterior 
p«rt of the iKidy. 

[Afl in OryUotalpa, the beart in Affelruliea (pRTKiruKEwiTSfn, No. XXXVI.) 
and Bonibyx (TicROMinoFF, No. 78) is formcl by tlie circnnicrcMeTice of tlie 

Sk by the mesoderm -hands. When theae rvacli tbe mid'dorsal line, the two 
_ er» fuse immediatoly below the ectoderm, wliile they remain distinct below ; 
in this va,j a mesodermsl groove arises whicli, o\ring to the fact tbat tbe ento- 
ilermal ejnthelium is still incomplete dorsally, is in op(<n (Mimninnication with 
the yolk. This constitntcs the f^Bstro-vaacuIar canal of Tichohiboff, wbich, 
in transverse section, has the form of a figure 8. At this stage the dorsal and 
lateral vralls of tbe heart are formed by mesoderm, white the incomplete ventral 
wall is entodernial. The cutodennal opitbelinm now unites in the middle line, 
«nd than coni|>letely fle|iaratea the heart from the enteron and, soon after, the 
mesodenn grows in from either side towards the mid^ile line below the cavity of 
the heart and above the entoderm, and hnally, by fueiou of tbe two inKrOWtha, 
the raesodermni walla of tbe heart arc completed. Tlie elosure of Uie heart 
takes place earlier at tlie anterior and posterior eiidi than in tbe middle,— Ed.] 

The Uood-corpUBclea are traced back by Kobotkeff to cells of 

the Boniatic mesoJenu which have loat their connection with the 
test of the mesoilenu and have passed into the body-cavitj. Out 
own [researches incline us to agree with this statement. Other 
authors, however (DoHns, and recently Will also, No. 97), have 
derived the blood-corpuscles from yolk-cells. Avers (No. 1) even 
claims for theii formation the cells set free by the disinte^^ration of 
the ^dorsal plate. It should here be pointed out that SchAfpxb 
{Xo. 124b) recently maintaineil that certain cell-oomplexea connected 
with the fat-body in caterpillaTs are formative centres for the blood- 
corpuscles (p. 372), 

H, The Masculatnre, the Connective Tissue, and the 
Fat-body, 
The grouits of moscks, as well as liie counevtive tissue, are derived 
through histological differentiation from the somatic layer uf the meso- 
derm (Fig. 167, eo). Our own researches, and those of Kowalevbkt, 
Orusi, and Cabbi^iie, show that the iat-boi.ly also arises from tbe 
mesoderm. In Hydrophilut, a dorsal band-like fat>!>ody, running over 
the intestine, arises by direct transforuiatioii from the wall of the 
coeloraic sac. For the rest of tbe fat-body also, for instance, for the 
lobes accompanying the tracheal system, a mesodermal origin can 
be indisputably established. The observations made by Hetuons 
on PkyUoilromin are in harmony witli this. Certain cells of the 
wall of the coclomic sac early undergo a transformation, which 
results in their being recognisable as the rudiment of the future 
fat-body (Fig. 163 B and C, /). 
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ilflny iuUioia, howevir, differ greatly u to the origin of tlie ttt-haif. 
DouBN, Tk'homihuff (No, ;S), aud, reoeotlf, Will ham deriTMl it tnm 
the jolk-cells, vbile otb^r authors hare olumad ui eatoderoMl otigio for It. 
Among tiieae Utter are Korot.vktf (Ko. 47) and Schaffbk (No. I21al, who, 
in coDfirming former itatenienl* nwilr bjr 
'W'KiHHAtiN, tracs hack tha fat-W); at Uvea 
to KTowtha Tram the tracheal matrix and 
I>art1y from thu hyiKid«nuis, Okaur alao 
(No. 01 ) hai recently maiutainod the eclo. 
dermal origin of tile fat-body m Hydrefhilia 
Bud Sttndbothria. As regards Bgdrt^tliu, 
v,-e are uunble to agree in tliji viow. 

I. Oenltal OrguiB. 

The published accounts of the devcIo|>. 
Bient of the genital orgnua are, with the 
exception of those relating to th« pecu- 
liar and specialised conditions in the 
A[ih!iiat and Diplera, much fcattrrad 
uiul for the moat part fragmentary anil 
unsfttisfactory. We must refer thn 
student to the uorks of Balbuxi (No. 
3), and WiTLicsiL 
(No. 98), and especi- 
ally to those of Hit- 
MORS (Na 43). W# 
arc able, however, to 
gather (chiefly fwni 
tile writings of GiLUW, 
No. 33, Hkidib. No. 
38, and Wuielkb, Ho. 
95) that the genital 
glands are niesodvrtail 
ill origin, and derelap 
from the wall of the 
eoelomic sac. The 
development of tbi 
eiTerent ducts liu been 
hest described hy 
Ku8aArH(Xo.6I)uid 
I-Ai.jifts (So. 1$2). 
IlETxoKe (No. 43) h» 
recently published accounts of the rise of the genital organ* in 





Flu. IW. — LaUnl agllMl (BtlOB Ibnnch tli> alulii 
Inal t*rt or a etnn.band of n^iUiiinmla ftnunira af 
lk« tirtiiilUi* HCDwuH han tonplelaly fiirnsil (ilter 
Bmian). ;-;, Bnt anta abdatiilMl sfgn 
lb* f Vhlb (W) to Hu twnilnal Hsmeiil <«) tha abdominal 
Htno'baad li nend vnitnUjri H, Hcnloii; e, owk 
me; d, tOol-jrolk ; u, tetnlnal angnaDti >i, ipu 
[«lt>, IrluH iKrU; la tl>* ainaitlDimU lad partlr la 
wallor tltn otiiU'anr Ifatt primltiva nipmBt^r 




irw coBHcntin lUgei of deielop- 
mtnl ol PSj/lludnmia fftrwiajca {aftnr HimomX >«•> umiiian: !«. niJlinent of tha 
mitnl cluktn of ginKlli; e, cooloinic cavltj; e', donti, and <f, nutnl lectton* of tbe 
raalDinlc bd i n. cella ur thn wall of Uia prlmlClie Hgintnta, ipplled to ths Tciitnl lUlt 
of Uu imlul mdlnicDt; d, fboil-folk ; ifio, doml willol tbs coelouiie Mc; v, oetodsmi: 
•y, iplUulhil cells ^ «:, abdoiniiiiil lioib-rDdliiienU : f, TUdimriit of tb« tat-bod]'; oi, KcntuU 
Mill; Iw, tatcnl wall at Ibe coelamii^ tae: m, innivlenn-cclli, which doDOl t*lw part la 
U* llDnntUoD or tho cotloiiiic —a; viu. jiiedlati wall of Uie cwlomtc (as; », lonuiUc 
ouodinii-lajnii ; tn, nntml longitudinal iiiuhU, 
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Phyllodramia germanica, on whidi, as the most detailed, we sliaU 
found our description.* 

In PkyUodrotiiia, distinct genital cells can be diatiuguisbed at an 
early stage of embryonic development by their different histolo^cal 
character. Tbey are larger tlian the other cells, and show a sUgbtlj 
Btainable nucleus with a distinct nucleolus. Ttiese genital cE]ll^ 
which have developed by tbo tranefomiation of the embrjrotue 
mesoderm -cells, originally lie in the splanchnic layer or on tha 
surface of this layer, which is turned towards the food-yolk at 
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, ITO.— Tnniven* McU«a ttuongti Ui* 



the boundaries of the segments. After ilia coelomio 
pltitoly formed (Fig. IG8, ijz), they are found in the dii 
which divide the consecutive sncs frrim one another. N«< 
cells continually develop here from niefuxlenn -cells, 
develop in tbo second to the seventh altdoininal segmontt 
* The fnllowinK AtKriiAmi and dgtim were tukro in ulrantw rrom 
sinoe puMialial in tli« Ztitatkr. /. icm. Zoo}., IJJ. liiL, kindly pbo 
dUpowl by llie natlier. 

t [According to recent rmMTclie* on ihc aiigin of Ui« gerni'MiU* In 
■ud other iDTtirtalintJi, w« ihunld havr to IimiE \»x tliB tlrtt ortgii] 

t iw ••rlr olo«T»j!e-»U^, al any "' - ' ' ' ' ' " '- - 

— 'Drn'Muda aro rorruvd. Furl.. 
>* from thv utillnsry mtaodenii 



iliuulil ba Tudtilt 
lid not FxiMct th« 
but frnu gcrm-tcIol)luti.~-BEi.] 
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Tha gea til tlla ah ft hter into the interior of the coclomic sacs, 
soon reaching their liorsa! vdl (Fig 169 A g ) nud passing in 
between ita cells The Loelomic »ic§ (c) in trona^erEC section, at 
this Btnge are approximate!} triangular in outhnc so that we may 
distinguish n dur'^al (lie) a lateral {he) and a median nail (mic). 
The dorsal wall is in contact vith the surface of the yolk, and 
later, by delamination jiel Is the splanchnii, mesoderm (Fig 170, up), 
while froii ita reminder is formed the {eTnirifd nlatn nt of the 
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genital gland (e/). The lateral wall, which ia potallel to the germ- 
band, takes an aetire part in the formation of tha somatic layer 
(Fig. 169 C, 0o) of the mesoderm, the pericardial septum being 
eventually derived from what remains of it (Fig. 170, pi). 

When the genital cells have entered the dorsal wall of the 
primitive segmenta, they are already ao numerous as to form a 
continuous strand running from before backward. The genital 



rudimeat then consists of a Mll-etrand iying on couli i 

dorsal wall of the primitive segments, and extending from the second 



abdominal segment into the eighth. 
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ily geuitnl cells take 
[larl in the formation of this 
strand, but undifferentiated 
mesoderm-cella (Fig. 169 B, 
C) are n<lded ; these originate 
in the dorsal wall of ths 
coelomic sace, and become 
closely applied to and in part 
surround the genital cells. 
These niesoderm-cella form tlie 
epithelial cell* (ep) of the 
genital rudiment, while otliers 
compose a cell-strand («) lying 
niediunly and ventrolly to the 
genital cells. 

The genital cells in the 
female give rise solely to the 
egg-cells (and to the nutritive 
culls, in thos« forms in which 
these occur). The follicular 
epithelium of the oviilnet*, 
on the contrary, aa well a« 
a corresponding ccll-layar of 
the terminal chamber an> 
yielded by the iiieaodenual 
epithelial cells.* Phi^odro- 
mia, to which the above 
description refers, and Uie 
OrLhopt«ra generally, show iu 
this respect a somewhat UlDpl* 
condition, the germ- or tM- 
niinal chamber of the ovaty 
coniiisting in them of com- 
paratively few cells. In moat 
other Insecto, and especially 
in those whicli have a great 
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iiuniber of nutritive cells in the ovary, the genu- or terminal chamber 
ia extremely large. In this conuection it has been maintained that 
the various cell-elements of the Insectan ovary originate from indif- 
ferent cells (KoRBcuELT, No. 155, WtBLOwtBJsKt, and others). 

The ventral cell-strand (i*;) becomes transformed in the proximal 
part of the oviduct, which widens Into a cup and receives the 
separate ovarian tubca. The transformations which take place in 
the male will be described later. 

The extent of the coelomic sacs, during the further course of 



development, bei 



restricted through the degeneration of 




those parts of them which extend into the limbs (p, 320), by the 
development of the fat-body (Figs. 169,/, and 170,/A-), and through 
the separation of the somatic and the splanchnic uiesodcrni -layers 
(Fig, 170, 80, »p). Only a small portion of them (c) finally remains, 
bounded laterally by the Tinliuiont of the pericardial septum {pg), 
and internally by llie terminal filament of the genital gland (ef). 
The dorsal region, where these two lamellae pass into each other, 
seems to be intimately connected with the cardioblusta (A). The 
strand-like genital rudiment now appears attached to the terminal 
filament as to a mesentery (Fig. 170, gi). 
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During the degeneration which takes place through the lateral 
circumcrescenco of the yolk by the germ-band (Figs. 171, 172), 
the paired rudiment of the heart shifts more and more towards the 
dorsal median line, and the genital rudiment connected with it by 
means of the terminal filament follows it. This rudiment thus 
comes to lie on the dorsal side of the developing enterou (Fig. 
172, gz). 

The terminal filament (ef) originally represents a simple longi- 
tudinally-] )laced epitlielial plate. A rearrangement of its cells soun, 
however, takes place, these becoming arranged in vertical rows, each 
of which corresponds to a developing ovarian tube. In this way 
the original plate-like terminal filament is broken up into the sei)arate 
terminal threads of the ovarian tubes (Fig. 173, ef). In this process, 
however, the upi)ermost dorsal margin of tlie plate-like terminal 
filament docs not participate, but persists as an undivided filament 
in the adult, where it is prolonged anteriorly and connects the 
different ovarian tul)es; this is tlie so-called Midler's threwL The 
latter is originally connected with the pericanlial septum, but at a 
later stage it ap|>ear8 to lose this connection. 

As the separate ovarian tube?, which in PhyUodromia number 
about twenty, develop, they bend continuously inward from the 
dorsal towards the ventral side of the ovarian rudiment (Fig. 173). 
At the same time the epithelial cells (tf7>), some of which originally 
lay l>etween the genital cells, iKJCome arranged so as to form an 
epitlu*Iium covering the surface of the ovarian tul^s, this epithelium 
further sci-retes on its outer surface a structureless cuticular tunica 
propria. The outer i>eritoneal enveloi)e of the ovaries is formed 
from the cells of the surrounding fat-body. 

The genital rudiment originally, as we have mentioneil, extended 
from the somnd into the seventh aUbuninal segment. In the latter, 
howevLT, the j,M*nital cells are from the first few in number and 
completely disjipjH'ar later, so that the genital strand here seems 
comjH>sed solely of epithelial cells. This part is the rudiment of the 
oviduct j)roper, and forms a direct continuation of the cell-stranU 
(r.:) menti«»ned above as lying vent rally to the genital cells, out i>f 
which, as we have seen, the proximal, cui>-shai»ed |>ortion of the 
ovi«hnt is formed. The posterior section <>f the oviduct Wnds round 
towards the ventral si«le, and lK»come.s connected with the hypodermis 
at the boundary Wtween the seventli and eighth aUlominal segments. 
The rudiment of the oviduct is ori;^Miially a s«»li«l strand, in which a 
lumen forms later through the shifting apart of the cells. 
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In later stages Xho g^nilal rudimoiil ahortena oonaidarablj, so tlint it u tlivn 
rextricteil to a amsllev niiiiiber of abdominal segments than at first. Tbe 
•efiarate ovarian tubes at tbe same lime pass from Iheir original verUcal position 
and liecome mora horizontal, 

Tlie pnired iuseTtioa of the ludiiueut of the oviduct into tbe 
hypodermia of the intersegmental furrow between the seventh and 
eighth abdominal segmenta recalls conditions ohaervcd l>y Palm£.v in 
certain Ephemeridae, in which the paired aperture of the genital 
efferent ducts is retained throughout life. This ia the original 
condition in the Insecta. In the female of P/ii/lloflromia, the un- 
paired terminal section of the genital fiassego develops during larval 
life from an ectodermal invagination, a genital pouch forming in 
which the egg-cocoon is carried. This genital pouch is formed, as 
HAtSB has proved, through the invagination into the interior of the 
body of the chitinous sternal plates of the eighth and ninth ab- 
dominal segments. 

With regard to the development of the eETerent genital dncts in 
the Inseoto, we must refer to tlie results obtained by ^rsBAm 
(No. 61) and Palm^k (No. 162), which fully agree with those here 
mentioned aa obtained by Heyuons for Phyllodromxa- 

XuBBAUic studied the development of the efferent dncts in 
Pedieidina and I'erijdaneta. He foimd that only the vasn deforentia 
or the oviduct is derived from the posterior i>ortions of the genital 
rudiment, i.e., from mesodermal structures, while the rest of the 
efferent apparatus (uterus, vagina, Teceptal^ulum seminis, ductus 
ejnculntorius, penis, and all the accessory glands) develop from the 
integumental epithelium, and are therefore of ectodermal origin. 
The unpaired portions (the uterus, penis, receptaculum seminis, and 
unpaired glands) develop out of paired hypoilermal rudiments. The 
posterior strands of the genital rudiments become applied to the 
hypodermal growths just mentioned and fuse with them. A fusion 
in the middle line of the paired hypodermal growths gives rise to the 
rudiment of the unpaired organs. These observations agree entirely 
with the results obtained by Palm£n from the standpoint of com- 
parRtive anatomy. FALit^H found the moat primitive type of efferent 
ducts in Heptagenia (an Epbemerid), an impaired section being here 
altogether wanting. Tbe oviducts open separately into tbe fold 
between the seventh and eighth abdomiiml segments, while the vasa 
deferentia open into a paired penis on the posterior margin of the 
ninth sterniLc. An unpaired section may develop from this paired 
rudiment in individual cases ( S Forficuia, Meinbbt) through defective 
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fonnntion, one side atrophying aft«r the paireil terminal hjpodeniiaJ 
growth has fused. In most cases, however, the unpaired ferminal 
section must be regarded as a aecoudaty iiitegumental iDvagination. 
This point has not yet heen investigated in all groups of the Insecta. 

The agreement thus found to exist in the position of the genital 
apertures in Phyllodromia (Heymosb) and in the £phemeritlae 
{which, according to Palm^n, the Perh'ilae also reeemble) may 
perhaps justify us in concluding that the opening of the genital 
glands ou the Ijoundary between the seventh and eighth segments 
corresponds to the primitive condition for all groupe of the Ineccta, 
and that the more posterior position of the apertures found in many 
forma has arisen secondarily by a backward displacement. If thia 
is the cose, we must assume that the condition in the Thysannra, 
in which the genital aperture is paired and opens between the 
eighth and ninth abdominal segments, or on the last, is a secondary 
modification (c/. Haase, No. 153). 

The external genital appeadsges arise in most Orthoptera (as 
Dbwitz has proved for the Loeuslidae) out of two pairs of cone-like 
projections belonging to the eighth and ninth abdominal segments; 
the posterior pair of which very soon become double. The six parts 
of the ovipositor of the female arise in this way, while, in the male, 
corresponding shorter projections are found. The ovipositor of the 
female lehneamonidae and Cynipidae come under the same category, 
fls welt as the sting of Apis (Kraepelin, Dewitz, Xo. 103), Since 
the first rudiments of these paired appendages closely resemble the 
imaginal discs of the Dipterous larvae, they have repeatedly been 
regarded as abdominal limbs (p. 299, and footnote p. 300), The 
ovipositors of many Diptera and Coleoptero, on the contrary, as well 
OS the i>eius of tjie Coleoptera, are to be derived from the most 
posterior aUlomina! segment, which is invaginated and teleeoopic 

The male Kenltal gland, in PlnjUodromia, nt first develops in a 
way similar to that described above in connection with the female 
organs. Only in later embryonic stages can sexual differentiation 
be recognised. It is then found that, in the male, four accumula- 
tions of genital cells become surrounded with aa epithelium. These 
accumulations, which represent the four testicular follicles of PhijUtr- 
(Iromia, are closely connected with the rudiment of the effcrrnl 
genital ducts (vasa defercntia), and, in later stages, shift witli the 
latter somewhat backward and away from the original genital rudi- 
ment. A remnant of the genital rudiment still remains att«c}iod 
to the terminal filament, and this, according to Haase, is the female 
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part of the originally hermaphrodite genital rudiment, and may, in 
individual cases, even develop imperfect ovarian tubes and cg^'s. 
It has yot to be proved thai the vestigial organs found in the adult 
male have ongjnated from this remnant of the genital rudiment. 

Hevuons coni^ludos from llie aliove obsen'otiona that hermaiiliroditiani wu 
tllr origilial CDli<litiuD in the ancestors of the Inaecta. This view, ir correct, 
wanld aocouot for the frequent occurrence of hurmaphroditic oondiliouB in ndnlt 

In the female, the whole rudiment of the primitive elferent ducte 
is directly transformed into the oviduct. In the male, on the 
contrary, the whole length of this rudiment does not liecoine trane- 
foimed into the vaa deferens, but its distal terminal portion 
degenerates and is replaced by a secondary terminal section, which 
then becomes connected with the ectodermal ductus ejaculatorius. 

If we pass in review the origin of the genital organs, as shown 
in the above description* of Pkyllodromia, we have first of all to 
point out that, in the derivation of the genital cells from the epitlieliiim 
of the coelomic sacs, wo find direct agreement with the Annelida.f 
In the later development of the paired genital gtand and of an 
efferent duct directly connected with it, there is a certain resemblance 
to the condition found in the Onychophora (p. 208). The dorsd 
position of the glands in these two Arthroixidan groujis is a special 
point of agreement. On the other hand, it should be pointed out 
that the genital gland of Penpatus, according to Sedowick, arises 
by the direct fusion of the consecutive coelomic sacs (the Sfyriopoda 
have been placed in the same category by Heathcotk, p. 252), and 
that therefore, in Periiiafus, the genital cavity conies from thts 
coelomic sacs. In the Insecte, on the contrary, the genital rudiment 
lies, indeed, in the wall of the coelomic sacs, but the lumen of 
the efferent duct here arises indejiendently of the coelomic sacs, the 
cavities of the latter forming a small part of the ]>ermanent body- 
cavity. From this point of view, we shall have to legard the 

* The fact tLst this descriptiou not only applies to Fhyllmlromia, but u 
Bpproxiiuately M>pllcab1e \o tuany other lusccts, perliapa to all, seems to lie 
■howD by the harmonioaB thauuh fragnicnlAry Htatenients of Heihek and 
WftEKLEK with regud to the Colooptcra. 

t [It would leetn highly probable, froiu recent researches do the origiu of the 
K^rm-celts \a various Invertebrata, that these cells, althouKh aot always to bo 
dittioguished by our limited viaion from the gcueral uiFSodomi, aud eapocially 
from the cnelomjc epithelium, arc in reality quite dialinet from an nnrly 
cleavage-period, and differ pasenUally from the meiodorni-cetia in their nuclear 
organisation. This is rendered probable from (he researches of Ukiitwih dti 
Sagilta, Hakckir on Oydu}is, uovERi and otlieis on Aaearii, 
Ch imunraa. —Ed.] 
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condition in Peinpatvs and the Myriopoda as the more primitive^ 
following directly on that of the Annelida, while the condition of 
the Insecta is, on the contrary, modified. 

If we are to homologise the efferent genital ducts of the Insccta 
%vith those of Perijxitus, we should have to trace them back to a 
pair of transformed nephridia. Their origin from the mesoderm in 
the lusecta would be in harmony with this; but, in other respects, 
we find no features retained in the development of the eflferent 
genital ducts in the Insocta which can be considered as supporting 
such a view. 

Mention should bo made of HsTXONs* ol'servations that, in the grenital 
rudiment of Phyllodrwnia^ the genital cells can from the first be distinguishetl 
from the epithelial cells. This statement is not favourable to the view, until 
now univiTsally held, that the follicle-cells and egg-cells are derived from cue 
and the same sort of cell by later differentiation. Regarding their first origin, 
however, in Pkyllodromia also, the two kinds of cells are to be traced to the 
same source. 

8i>ecial attention should l)e called to the fact that, in the Diptera 
and AphidaCf the genital rudiments can l>e recognised in a very 
early sta^'o of embryonic life. This is certainly to some degree 
connected with the parthcnogenetio and ])aedogenctic manner of 
rcproiluction, which is common in these two groups, and which 
(as in Moinn, Vol. ii., pp. 123 and 180) leads U) an early separation 
of the sexual rudiments. 

In the Diptera, the first rudiment of the genital glands is repre- 
sented by the " pule-cells." These cells (the "globules jwlaires" of 
KoHiN, also doscrilxjd by Weismann in Chinmomus and Musca)^"^ 
which Wct>me sejKirated at the i>Obterior pole of the egg even before 
the formation of the blastoderm, were discovered by Leuckart and 
Mkt.schmkoff (No. 55) in the asexually developing egg of the 
vivipar(»us larva of Ccridomyia (Fig. 174, }>z). A rather large, highly 
granular cell (;c) here Ixjcomes severed from the iKDsterior jwle of 
the egg (Kig. 174 D) even before the MastcKlerm forms, and soon 
breaks up, first into two and then into four "iKjle-cells** (Fig. 
174 /'), Wiien the blastotlerm i* completely formed, these "pole- 

• [It wotiM b»' i*afi;r to discanl Roi:in'h ti-nn "globules iwlaires" for tin-so 
ctlU. ^\\\v\- tlwit trim ^^^ls also apitlinl by bim and i-* still ai>|ilie«l to the imlar 
iMwiifs or «linM'tivr (Mirpu^cles, whirh latter, in all ]iroluibiiitv, have* nothing 
wb.itrvrr t«» <lo with tin* "i>ole-eell8" of *.'hiion"i,ms, et«\, whirli are simply the 
iiriinririU'«ly M'iKirat««l f^erm-crlls. Tlii** iniint, liowi-vi-r, roijuires renewed 
urn >ti^at lull, and si-ai-ch should W ncnlc i'»>i ihf ]iri>Iiable (Mtainence of true 
|kil.ir iMMlivn and for the relationship of tin- "i»"lr.v:«lls" t«^ the dcavage-nueh'i. 
- K1..J 
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fella" fiMt shift between the blastoderm-cBlls (Fig. 174 O), and then 
into the interior of the embryo, where, in later stages, they become 
nrranged symmetrically into two groups, and, surrounded by cells of 
the neighbouring tissue, become transformed into the genital rudi- 
ment (METBCBNIKOyp). 

In Ckironomus (Fig. 175), two " pole-cells " become constricted 
from the posterior pole of the egg almost siraultaneoualy (Balbiasi), 
these, by division, yielding groups of four and eight colls. Just 
as in Cecidohujitt, these cells are taken into the interior of the 
embryo (Fig. 175 C), nni! break up into two groups lying at 




Via. 17*.— Ffrst unlojit 
(iRt HcTBcaniiKirT) 

"'pole^alli.' 



the sides of the proctodaeal invagination. In quite young larvae 
that have hatched from the egg, these two spindle-shaped groups, 
the cells of which soon increase in nun)I>er, can be recognised at the 
aides of the dorsal vessel, surrounded by » distinct membrane which, 
anteriorly and posteriorly, is continued iuto a ligamentous structute. 
The anterior corresponds to a terminal filament, the so-called MiiUer'a 
Jilament. It is inserted into the dorsal vessel, and was held by 
ScHRKiPBB (No. 74) to be muscular, this author consequently tracing 
back the genital rudiment of the Diptera to a transformed fibre of 
the alary muscle of the heart, an assumption which was refuted by 
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Balbuni. The poeterior termina] filament is the radiment of the 
paired efferent ducts of the genital gland. The division of tlie 
inner cells of the ovarian mdimeiit gives rise to rosette-like Rrou)« 
of cells, each of which corresixinds to an ovarian tube. Richtkr's 
more recent accounts (No. 71) agree with tlie above statements of 
Balbiani. 

In tlie Aphitlae, just as in tho Diptera, the first rudiment of the 
genital organs becomes distinct at a very early stage. Even in those 
early stages in which the first rudiment of the amniotic cavity forms 
by invagination at the posterior ]M)le (p. 279), and before the 
formation of the lower layer, a cell-group (the genital rudiment) 
severs itself from the wall of this invagination, and, as n paired 
rounded mass, comes to 
lie in the inside of the 
embryo. This cell -grou]>, 
.^ Dcconling to Balbiaxi 
and WtTLACxiL, is de- 
rived by division from 
a Htngle celt. It 1>ecoriiei< 
horseshoe shaped niul 
breaks up into a numlwr 
of rounded cell accuniu 
lattODs, which be«^ome 
arranged in equal niim 
bers on each side of the 
median plane of the body 
and represent the ru li 
ments of the tcrmmnl 
chambers of the ovarian 
tulx^. These ccll-mascM 
are enveloped in an 
epithelial cover which, 
anteriorly, jiassea into 
tbi' terminal filaments and, posterinrly, into the efferent ducta. Tlie 
origin of this cpithelitd covering is doubtful. The efferent ducts of 
the different ovarian tubes fuse on each side to form a common 
•ividiict, and this is coutinued into an unpaired ectodermal inva^a- 
nation lying lieneath the proctixliiciini ; this invagination give* 
risi; til the accessory geuitJiI organs (Met^lhsikuff, Wiiuczii, 

WiM.). 




Fhi. i;ri.— Thrw lonRlludlnil us 
niiliryM (tflrr HmcH). In 
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II. Metamorphosis. 
1. The Larval Forms.^ 

The Thysanura and the Collembola emerge from the egg in a form 
resembling that of the adult, so that there can here be no question 
as to the occurrence of a metamorphosis ; they may consequently be 
described as true Ametctbola (Insects without metamorphosis). 

All other Insects, on the contrary, pass through a true metamor- 
phosis. When they leave the egg they are distinguished from the 
adult not only by their smaller size, but also by the absence of the 
wings. Many Insect larvae differ further from the adult {imago) in 
a number of ways. 

If we compare the young forms (larvae) of Insects when hatched 
with those of many Crustacea which leave the egg as Nauplii^ we 
find a marked distinction between them. In the Insects, the typical 
number of segments is developed in the embryo; the limbs also, 
and the rudiments of the most important organs are already present. 
Only the wings are wanting. In other respects, the young emerging 
from the egg has the characteristics of a well-formed Insect. There 
is no doubt that the Thysanura, and among these the Campodea 
•especially (Fig. 193), stand very near the fundamental form of 
this wingless larva. We have in the Thysanura undoubtedly the 
most primitive living representatives of the class of the Insecta. 
Hut we must not lose sight of the fact that, even amongst these 
forms, many systems of organs (e.<7., the tracheal system) have 
imdergone reduction, possibly on account of the small size of the 
body. 

.The orders of the Insecta may be grouped in two divisions, 
according to the manner of their metamorphosis. To one of these 
:groups belong those orders which we are accustomed to regard as 
the more primitive on account of their organisation; among these 
we find some with an invaginated germ -band, thus suggesting a 
-connection with the Myriopoda. The larva here passes gradually, 
by a series of stages each marked by an ecdysis, into the imaginal 
iorm. During these stages the rudiments of the wings grow out, 
increasing in size gradually. Metamorphosis thus here takes the 
form of onward growth within the limits of the segmentation and 
rudimentary organisation already present. Such development is 
distinguished as incomplete meiamorphosiSf and the Insects belonging 
to this type are known as the Homomorpha. 

• In the following account we liave chiefly followed Lubbock (No. 156) and 
Braubb (No. 146). 
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The metamorphosis of the second group, to which the higher 
orders of the Insccta belong, is more complicated. The larva here 
leaves the egg in a condition which often differs considerably from 
that of the imago, not only in form, but also in manner of life. 
This larval stage, which is characterised by the large amount of 
nutrition taken, and repeated moults, attains a considerable size, and 
finally changes into a resting or pupal stage. The faculty of loco- 
motion is now suppressed; the pupa hardly moves and takes no 
nourishment; all the animal processes step into the background, 
while the vegetative processes bring about the further (chiefly 
internal) changes in the body. The larval stage is thus followed 
by one which in many resjHicts resembles the embryonic stages; 
the pupal stage might be defined as a recurrence of embryonic 
development. A certain distinction between the two is, however, 
evident to the careful observer. In the embryonic stages, the organs 
develop chiefly from uniform rudiments, whereas they are here often 
built up by the concrescence of a number of disconnected formative 
centres, the so-called hnagimd discs. These imaginal discs must 
l)e regnnlcd as persistent embryonic structures which have lasted 
throughout larval life in u latent condition, and in which the 
regenerative capacity of the embryonic rudiment has been retained. 
Those organs, on the contrary, which functioned in the larva undergo 
disintegration (p. 368). 

The pupal stage givei$ place, after another moult, to the stage of 
sexual maturity, the winged imago-stage, during which there is no 
further growth of the body. 

The Insects that develop according to this type are known as the 
Heteromorpha, and their metamorphosis is a complete metamorphosiSy 
!>., they belong to the Metabola or Holo-metaboia, 

A. Homomorpha. 

The piKst-embryonic developnidit of the Insects belonging to this 
tyi>e is in most cashes a true metamorphosis, in so far as the young 
animal that emerges from the egg, although similar in other respects, 
is distinguished from the adult by the al)8ence of wings (and of 
those alxh^ninal app<Midages whicli are transformed into the external 
genital organs). In 84»nie cases also, alt^^ration in the manner of 
life may Im? accompanied by changes in the form of the extremities 
(Cicada), The transformation into the perfect Insect is gradual. 
The last larval stage, with the rudiments of the wings already 
devclo|M;d, is known as the nym])h or pupa. In the Pediculiua 
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and the ^Cnllopbaga nloiie, in cousequencc of pnrasitic life and the 
loss of the ivingK, metamorphosis is lost (ai:quired ametabole, Lanq). 

The Insects belonging to this type may be divided into two groups, 
according to the manner of Iheir metamorphosis. 

1. PaoTometabola. The post-onibryonic development is accom- 
plished, throngh a series of moults, by the gratlual growth of the 
body, of the wing-rudiments and the outer genital apparatus. This 
growth, though probably continuous, nppeara to be intermittent, 
being only visible at each moult. In Insects belonging to this 
group, the young stages resemble the adult, not only in form, but 
also in manner of life. 

The Dermaptern, Orthoptera genuina, Corrwlentio, Thysanoptera, 
and most Khynehota conform to this type. 




Flo. nt.—A. lani. //, pnin. 



M InllEi PxckjibdX 



Till young fonns of inoet Rlif uuliota lesenible the iiuaj^iaea ia 
<if the moiitli-jHU'U uid in Che slmpe of tlie btxlj, and ctiango gradn&lly into the 
•dnlt form. The gvniis AUnroda U an exception : its Bliield-sbBjieil larva dilTcn 
in BppcBraiice from the win(^d imngo and [usaes into a resting, pll[«l stage, 
which is covered by the larval integument. There is here therefore complete 
netunorphosis. The same is the case in tiic male of the Coeeidae, whioli 
chaDgfB into a resting pupa enclosed either in a protective IbttuI integnmeut 
or in a spnn cocoon. The Cieiulidiit alwi (Fig. 176) attain a higher degree ot 
■netamor]>hoaL'<. The larvae {A] live Ijencalli the gi-ound on the roots of trees, 
and are provided with hook-sha|wd fore-linibfl ndapled for digging. The nymph 
(£] is hM« cspable of movement. Only shortly liefore tljo iiUBKO hatches does 
it rmiain quiet, while waiting for the bursting uf the integameut. 
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2. Hemimetabola. The young stage differs from the imago, not 
only in the absence of wings, but also in the presence of provisional 
(larval) organs. 

The larvae live in water and differ from the imago in the condition 
of their respiratory organs, the former |x>8sessing tracheal gills, either 
external or internal (intestinal respiration) in position. 

To this group belong the Ephemeri- 
dae, the Odonata, and the Plecoptvra. 

The Ephenieridac represent a very primitive 
group. lu thoiii alouc have the paired etferent 
ducts of the genital oi^ns been retiiine«l in 
tlieir original fonn. The larvae (Fig. 177> 
live in water, and leave the egg in a CanifMKlei- 
form stage.* In the later stages, they are 
distinguished by the |x>ssession of external 
tracheal gills {k), which may be leaf-aha|ied 
or tufted, etc., and are usually attached 
to the i)ostero-extemal margin of the terga 
of the seven anterior abdominal segments. 
Within these integimiental outgn>wthSf 
richly-branche<l tracheal trunks extend, and 
here the exchange of gases with the sur- 
rounding medium takes place. In keeping 
with the at^uatic manner of life, the stig- 
mata are closed, and the stigmatic tracheae 
found in the meso- and mcta- thorax and 
in the eight anterior abdominal segments 
are merely thin strands quite devoid of air 
{ciost'd tracheal Sjfstem). Only at the moment 
of hatching do the stigmatic tracheae and the 
stigmata open, so as to allow of the {lasritage of 
the tracheal intima which is shed with the 
lK>dy-cuticle (PalmOS, No. 161). Tlie num- 
l*er of moults which mark the tticcesftive 
stages through which the larva gnulually 
approaches the imaginal form is very con- 
sideraMe (in Chloe over twenty, LrDiw.HK). 
The hist moult 1»ut one ;<.c., the last larval or nyniph*stage) in which ini|ierftct 

* [There are two tvjies of Insect larvae: the Cam {Kxlei form, so-callul from ita 
resemhlaiico to the l^hysanuran Cninjunlftt^ and thr enicifonn. In the flr^l we 
timl the three typieal reginns of the I xidy elearly defined, luting mouthiMrt^. 
ambulatory thoracic limb><, and sometinies terminal al>dominal apiK>miages. 
Thi^ larva i-* charai'teri'itie of tin- Anietahola and the Hemimetabola. In the 
second tyj»e the head is usually \vell'letiiie<l, but the lKK]y-s<>gments are simple 
and rylindricHl, and the aninlal has a venniform aNi»ect, the mouth-^nart-^ are 
usually adapteii for biting, but may U- much reduewl, the thoracic hnib;* are 
Usually pie«*ent togith»-r with fuinti«>nal alHlominal ai>pendage!*, the " jjrob-gs." 
Tin* eruiiform larva is very gfiieially f«iund among the Heteromorjdia : it attains 
its mo«t charaeteristic ib-velopmen't in the Lepidoptera, while ni the I>iptera 
it is much modified and degenerate, U'ing aiKnlal. — £l».J 




Fl<.. 177 — EpIii'iiKTi*! larva. A, tra- 
c-lii-al i^MIIfi; (, |irincii>al truiik» ff 
the trnchi-al ^yi<t*>iii. 
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nine's are prewnt, pns«iv< into s stage closely resetnbling tlie imago (laib-ivjnfjo) ; 
this ii diatinguiahed from llie preceding stages hj the fact tliat, dnriDg it, no 
naiiriihmont is taken. In tliis motiU, tlie stigmata and stigmatic branches are 
dejinitelf opened, and tlie tracheal gills, becaniing ronstrichMi at their points 
of insertion, are cast off and remain in the empty akin (exuviae) of the last 
nymph -stage. One more moult on dry land leads Tram the sob-imago-atage 
to the form oS the itnaga. 

The larvae of the Odonalft are in some caBe» elongate and very like the tnmga, 
in others they «re diatjognished from it by their more compact foi-ra. All 
Odonatan larvae are characterised by the remarkable modilicatiou of the lower 
lip n-hlch forms the protmsible " mask " (loizltjg pincar). 

The respiralory organs are rarioiialy niodiSed in the difTcrent genera. The 
closablc stigmata on the thorax and al>damen of the larva [Hagen) appear to be 
used chiedy for ginng oB sir, but the older Libellulid larvae also breathe in air 
through the thoracic stigmata (Dewi'U). Tlie tracheal gills are internal in 
Aatiiia and Libtllula, being situated as folds or outgrowtlw on the wolla of the 
rectnm {inU^inal gilit) ; in the Aarioniiine, three branchial leaves are fonnd on 
tlio last alidoniinal segment. These, as well as ths intestinal gills of the 
LibeUMlidae (Kaqei;), are cast off wiien the larva passes over into tlie ima^nat 
rorm. In Euphaea, which is distinguished by the presence of abdominal 
appendages, long, conical gills are found on either side of the body near the 
stigmata on the second abdominal segment to the eighth (Haqen). 

Flaesptera. In so far as, in the Perlidnt, the troehesl tufu (Fig. 17S A, k) 
are retained in the imago, and the actual metamorphosis consists only of the 
grodnal groiviog out of the wings, this family, strictly speaking, should be 
classed among the Paurometalmlo. Tho larvae are Canipodeifomi (Fig. 178 B) 
and their respiratory organs appear in various positions, as laUral gilbtults 
(Fig. 178 A> k) at the sides of the thorax, as pro-sternal gills on th<-. Ilrat ventral 
shield, at the sides of the anal aperture, or on tlie lateral margins of the 
abdomen. We arc jiistiReil in classing the I'erlidae among the HemimetahoU, 
by the fact that the bianohial tracheal gills iu the imagines do not function as 
sncli, hut are retained in a slirivellei) and vestigial condition. 

B. Hflteromorplia. 
Tlie Jarvne of tlie Inaeota that belong to this group are very 
differeot in apiwaraiico from tlie imagines. Some of tbom recall 
the Cauipodeifono larva, liiU they ar« often modified in adapta- 
tion to a definite manner of life, and frequently degenerate through 
the preponderance of the vegetative functions and the partial 
suppression of free locomotion in consequence of more or less 
parasitic life. The climax of degeneration is reached in the limb- 
leas and eyeless "maggot" with reduced masticatory organs. In 
moat cases the larva diSers entirely fiom the adult in its mcinner 
of life. We must regard eonijilete metamorphosis as a more 
specialised form of the process of development, an acquired differ- 
entiation in larval life distinguishing the highly-developed, but 
probably, according to their origin, younger orders of Insects as 
contrasted with the Homomorpha. 
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Tlie last stage of larval life b always the pupal tto'/e, vhich, 
in the form of the hotly, the development of the limbe, and the 
structure of the niouth-partB, resemhles the imago. In this Binge 
tlie Insects cease to take nourisliiiient, and nlso, ae a rule, the capacity 
of locomotion is lost (quiescent or resting pupa). Ttie pujw is often 
enclosed in a cocoon spun by the tnrva. If the limbs of the pupa 
stand out freely from the surface of the body it is knows aa free- 
limbed {pujM libera, tlie exarate, incomplete, or sculptured Jtijia). 
In other cases the limbs which, in the resting pupa, are held closely 
pressed against 
the ventral side, 
become free imme- 
diately after the 
casting of the 
larval integument, 
but soon become 
glued to the sur- 
face of the liody 
by the hardening 
of a tough secre- 
tion, BO that their 
outlines are Iom 
distinct (Lepidop- 
tera and many 
Diptcru). Such 
forms are known 
as mummff pufiae 
{oliteiied, larea/e, 
or ni'jHafe pu/ia, 
fhryiiaiiii). Among 
the Diptera it 
■II hn]>]K-nB that thi' ]•»)« remains surrounded by the lost larval 
'giuiieiit (Uirrel-Hh' pufio, pnjia •■iiari-tala). 
The numlier of moults undergone by an insect with complete 
mi^tiimiirphosis is limited, and never nttainii that found among the 
Hom..mnri.lia (K,J.e..<>-ri'lar). 

Hanroptars. Tlie Iattik' of t1i>' Si"Iul'i' , wliicli in .iii]<p*ntiirp mrmlilc niatiy 
CipK'ii|it'Tali Urviii-, Imve niiiiilli-|Mrt>. Bila|it.il for liilinK, lili» tboM of tha 
hii^i^o. Thi' larvae iit llir Mi';;al<>|>l(-rii, i>ii tlir iMuCrary, hale ihiit inouth-]iaTli 
Mii^ilarly triiiiHformp') fur iiinkm(; tW .iuii'-..f ili.[r jircy : thv maii-lJMea have 
ft fiiiriiu' ••■) |]i>' linriT 9i<li', aii<l, uilli Un' iii.ixilliw, r<jnii nii each Hittc a aiickin); 
tuii^. Sumo of the*r larvne art lOuiiyute and ncall (lie Cok-optMsn larvar 
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\ila)itiii]ia, the rcmarkalile fumi Sinip^ ivliich is parasitic on Sjaiaiiilla), wliile 
otliens haTo a short and more pompnct body [Jfyrwioin™). Wb liiid here a rara 
pbenonipnon, tha auliBlltiitiou iti iLe imago of bitiog moutti-pBrts Tor tlie 
sucking niouth-parU of the larva, which also occurs in the Bytiicidat otnons 
the Coleoptera. 

The jinpa is essenliallj quiescent and free-limbed ; in the Megaioptera it lies 
enclosed in a coarse-niesbed, rounded coroon. In some fornia, however, initnedi- 
ately before clmnging into the imaginal form, it becomes caiiablo of locomotion 
and wanders about before casting tlie pu]«l skin. In this condition we tind a 
I to the nietaniorphosis or the Paurometabola with nyinjihs capable of 



PuiorpktM. TUe larvae itro emi^irorni and live beneath moss or iindergroand. 
The bead is heart-sbaped auil the mouth-parts strong and adapted for liiting. 
There may be eight pairs of ventral feet [on the 
first eight abdominal eegmenU), At the end of 
the abdomen there is the rudiment of a pair of 
uist forcepe whieh recalls that of the Farficulidat, 
These larvae are distiugnisbed t'l-oni aimilarly-shaped 
Lepidopteran and Hymenopterau larvae 'by the 
poBsesston of compound eyes com|xised of closely 
crowded ocelli. 

Trichopten. The Pliryganeid larvae live chielly 
in water in cases constructed by thera oiit of foreign 
bodies (stones, j'srts of plants, suail.sbells) ; these 
are in some coKea attached to stones. In appearance 
(Pig. 179) they resemble the Coleopteran larvae. 
They have tbree'i-aira of long thoracic linilis. and 
at the end of the alnlomen a jiair of processes beset 
with hooks (A). At the sides of the al)damen {and 
of the mcso. and meta-tborax) tracheal gills (t) are 
found in the form of tubes or tufts. The pujia is 
frec'limbed ; the pujial stage is {lassed through 
within the larval case after another euvelolie has 
been apuu within it. Before the imago emerges, 
the pupa becomes capable of locomotion, leaves 
the pnpsl envelope and creejia on to dry land, where the transformation takes 

lepidoptara. The larvuo here all agree in appearance and take the form of 
i»t«r|>illai's {-.riiri/orui). Most of them live on land ; only a few Ptfralidat 
spend their larval life in water. In these latter, tubular tracheal gills may 
develop iPrtmpoiiyx: Atstnlrapia, Bydroeavtpa, and Calaalyita, on the contrary, 
IK devoid of true tracheal gills). The most anterior of the thirteen externally 
recognialle rings of the body rejiresents the cephalic complex of segments. It 
carries the uanally three -join ted, short antennae and the biting mouth-parts. 
A line nmning in the median |>lauu, and known as the fork'tine, uorresiKinilfe 
to the growth-suture of the cephalic lobes. On the two sides of the head are 
found six (less rre<iuently Gve) ocelli arranged in a semicircle. The three 
diurtcic rings which follow after the head resemble in form the abdominal rings. 
The Gret pair of stigmata belongs to the pro-thorax, the eight subsequent 
onea to the first eight abdominal segments. The limlis are rarely altogether 
wanting (Micraptcri/x among the Tiniidae) ; in other cases they are vestigial 
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(a few Imrrowing ester] lil Inn]. Usually, tlirti; i^iii^ 
liiniH and fiVB pairs of abdominal limbs are preseol 
the third to the sixth shdaiiiiDal segmnut, and on I 
m-callcd prolegs. Tliey aru truncated, ami luvc 
beset with minute hooks. In Neptiatln, there a 



or sliorl, joiiitrii thoracic 

The latter are ronit'l on 

e l«niiinal v^mt u ih* 

bilobato or eimtUr sol* 

all aigiiteeD liniba. In 



other cased, the number is diminished by the reiluction of the alxloniUial p«ln, 
in same caterpi!Ur«, only two or three abdominal pairs of limha hxn^; fooMl 
(on the sixth to the ninth abdominal segment] bcsidm tbu three thuraoiu \mn. 

The pujia is a mummy pupa {pupa oiUcta), and is (Vcqacntly encloa*d in a 
ooooon. In a few Tintiilat (especially in Mirroplcryx), the limlw are aaid to 
be [>art1y free. The mouth-parts in Uivir stniDtiire essentially rtwiiiUe tliM* 
oF tlte imago. 

Siptark. The larvae of the Diptera must in general be rt^rded m MMntially 
dcKcneratc fonns. Tiie variation found in the itilferent ■nh-gr»u|» f* all th* 
KTMler un (his arcount. We have liere the best Msmplea of the ty|v of UtnUoN, 
soft'Skiiined "nioggots," whose body coustits of a iiimiber of limiUi tiu^ 
Functional thoracic limits are always wanting, and vestiges are only foond oa 
the first thoracic segment. In the «ams way, truncated vcntnl feet omarionallj 
develop on the abdominal segiuents. The moutb-parts also are olYen quit* 
vcsti^al. In most caws the intttgument it soft, but it may bn of a Artaw 
oliaracter {Slraiiamyt, in tlie larval skin of which, according to Lkvdm, Itnw 
salts are deposited). The soft constittition of the integument may also estand 
to the ceplialic segments [headUu lanac) ; at this jwrt, a« a rule, howwar, a 
chitinoiu oesophageal framework develops, or a more or less marked maaJDuj 
cajisuie. But only in those cases in nhioh this chitiuons oapaute eontaiaa th« 
cephalic i^ngli* is it designated as tLe actual " head "( ItKAtiBR, fiwipAil'fc i«r*M). 

The pupa is not always quieaoenL lu indiridual oases (Cvficvfor) it movw 
aliout in the water hy the conlniotion of the alidoiuen. The rvstlng ]ra|* 
is often GUT«lai>ed in tlie larval intei^tmonC, and is then known as the bwirJ- 
shaped pQpa. It is cither frco-linihcd {ptipa libira), or, lik« the LeiridopUtia 
pil[ne, is provided with limbs glued to the body {pupa iMMa, MHinmy pitpa'i. 

The forms usanied by the Diptera Larvae are utilised by IIrjUEH (No. 100} 
for systematic purposes. He distingnishee two priDci|>al typr*, srconling to 
the manner in wliiuli llie larval Integument splits liefnro the pujial atap ta 
entend upon (or, in casta in which a barrel-like pupa is formeit, wlkan the 
imago hatches): (1) the Ort\orhapha, iu which, as a rale, a longitudinal altt 
opens on the beak and a transverse slit at right anglot to it ; (2) Vf/dirktf^, 
in which the slit is a circular one, transvetse to the loi;g axis of the pttpM. so 
that one or two ca[» are jmshcd off at the anterior pole. To tlie Unl typ* 
belong the enceplialic larvae of the Cilkidar and HsironoMviat, and tertlMr 
the larvae of the Tiputidoft, Cteuiomyiidiu, Slrutiamyidia, etc., while t)i» 
MiiteUat, Sfrpkidae, and Pupipara belong to the second type. 

Great variety prevails with regard to the condition of the rcapiratDf; « 
Many larvae breathe only through the last pair of stigmata at 
of the body which hare remainnl open (mttapnnttiit rr^rtMm), I 
pair of anterior pro-tlioraclo stigmata remain i>[>en in addition to tl 
l>air, while the otliera ara dosed {nmjAipmuilie rapiratioii) ; 
cases, some of the intonnodiate atigmata are also ]iartly Opt 
rt^nUitni), The pujse of many furms, on tlie other liand, hrMt 
Ilu> most auterhir [i^r of stigmata, which occur on the pro-thonx (j 
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Slphoitftptera. TIig larva is linthless, has biting mouth-parCa, and consists 
or& hesd and twelve more or less similar sognienta. It has tcu pairs ofstigraiita 
on the three thoracio ond the scveii anterior »bdoniitiol segments. The pup» 
U free 'limbed. Tlie mouth -parts iiid the Tunii of the liodj reseaible those of 



the ; 



t lio! 



Osleopten. Manj Culeopteran larvae are Cunpodeiform. They hare three 
tretl-deroloited jiairs of limbs on the thoracic segnieuts and, at tlie end of the 
■lidnmeii, in many eoaes, there is a pair of filameutous or atflet-oliaped appeii- 
da(^. Mure freijnently a pair of truncated prologs is found at the posterior 
end of the body. The head, which is atways wel! dove1o]ied, shows the fork- 
lino meiitioned in connection with the Lex>''l°P^"'< ^'^'^ carries antennae, which 
are osnally short, and a variable nuraber of ocelli (six or fewer) on each side ; 
these, however, are oftell wanting. The month-parts are vlapte>1 for biting, 
the mandibles are, in individual cases (Dj/iiiieidoe), changed into sucking 
organs. Tliuru are griierally nine pairs of etigmata, the hrat of which o 
on the first or second thoracic segment, t 
while the othera belong 
to the first eif^lit ab- 
doniiual segments. The 
aquatic larvae (D^fiseuf, 
HijdraphUut) are meU- 
pneastic, eoniu having 
tracheal gills {Gyrinua), 
The body may bo elon- 
gated as in the thread- 
like larva of the BlnUr- 
iAu; in other cases, it 
bmadena unt intca shape 
reacmliting the Isojioda 
iParaidae). TlieLameUt- 
curu larvae are eyeless, 
■oft-skinned, and whitish 
in colour, and are further 
distinguished hy the sac- 
like enlargement of the last ring of tlie body (Bkimirogai). In fonns which 
bore their way into wood or under the bark of trees, Uie lindw are vestigial 
or are altogether wanting (Bupittlitlat, Ctrambj/cidae). Soch degenerate larval 
Ibnni may (iualty become maggot' like [CtireutioKulae, Bosli-yehidae). 

The pupa is free-limbed, and resembles tlie imago in the form of the body 
and in the structure of the month-parta. 

A coDiplicated metamorphosis, named by Fabbe (No. 105) hyper-metamor- 
phoiis, is undergone hy the ildoidae in adD]itation to the peculiar manner of 
life of the larva. The young is at first an active Oami)odeirorm larva (Fig. 
IBO A), which attaches itself si the first opportunity to the male of Anth<^ora, 
Uld, during copulation, passes over to the female. Al soon an the host has 
laid its eggr in the cell pre[>Bred for them In the earth and filled with honey, 
the Silarit larva takes possession of the cell, dovoors the egg, and sultsequeutly 
lives npou the honey. Here it moults and passes into a stage in which It can 
only move slightly, and is maggot -like with educed limbs (Fig. ISO S). 
It then vhanges into a ps«udo-ch[^'salis (Fig. ISO C), a quiescent, pupa-like 
•tage. From the psendo-chrysalie there emerges first a larva tteembliug the 
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second stage (Fig. 180 D), and then tlie actual ]m]>a (Fig. 180 E), which c1iaug<» 
into the imago. The fi-ecly moving as well as the resting stages are thus here 
niu1tii»Iied. 

Hymenoptera. The larvae of the Hymcnoptera belong to various ty]»es. 
The larvae of the Tnithredinidac^ wliieh feed u]K)n leaves, in appearance and 
colouring resemble the Lepidopteran larvae, and are therefore called false 
caterpillars (Fig. 181). They are distingiii»he<l from true caterpillars by thf 
possession of a single ocellus on each side of the head, and by the unusually 
large number of abdominal limbs, the anterior i>air Wlonging to the seciuui, 
and not, as in the true caterpillars, to the third abdominal s<>gment. Then* 
are generally six to eight {Miirs of alxlominal ap})endage8. An exception is 
afforded by the geims Lyda^ in which, besides the thoracic limbs, there is only 
a pair of joiutcd api)eudages {cerci) at the posterior end of the body. These 
false caterpillars resemble the larvae of the Vroccridai^ which bore into wood, 
but the latter are distinguished by the absence of eyes and of alnlominal limlw. 
Most of the other Hynienoptera have degenerate larval forms in cunse«|uenet' 
of their pe<'uliar and often parasitic or semi -parasitic manner of life. Whether 
the larva ilevelops in vegetable uutgi'owths (galls^ like many C*/nipidft*\ or 
]iai-asitically in other Insect larvae, like some Cynipidtte^ the Pt€romalidtu\ 
Ichncumonidae^ etc., or whether it finds nutritive material in the cells con- 
structed and 8tore<l with food by the i>arent, or is fed during growth vFoMoria, 

Vrspidar, ApidaCy Formicidat) the 
passivity connei-ttHi with its manner 
of life always brings al>out a re<luc- 
tion of the limbs and of the mouth- 
parts, and an approximation to the 
general a]i])earance of the maggot. 
Fm. is].— Eniciform ]ar\-a of aTonthridinid In the larvae of IJees and Wa«|n*, thf 
(rTic*i.^m<i/.«.onim, after Wiwn^ooD), enteroQ remains closed posteriorly, 

and does not communicate with th«* 
procto<laeum which receives the Muljiighian vessels. The ]mpal stage is 
generally juissed through within a spun (.(h-ouii. The pu|»a is free-limbeil, and 
resembles the imago in structure, since, when the larva jiasses into the pujia. 
the limb-nidiments are only gradually jMotruded from the imagiual disi> 
(l)p. 371-374^, the pujial stage is preceded by a form showing the limits only 
half ]>rotrude<l (Dkwitz, No. 102), and it is this form that is known :is th«- 
senii-pu})a. sub-nymph, or pro-nymph. 

The eggs of the IchneumonuUif, Bi'i(Cunuhit\ an<I Pteromalitlnc develop in the 
eggs or larvae of other Insects. The larvae of the Ichneumon idttr are, as a rule, 
maggot-like. They may, however, imi>sc.sj» at the jK)sterior end of the lK>ly 
caudal ap{>endages {Jnuinniun) or caudal vesicles {Microgmttir), which are hwt 
on entering the pu|>al stage. The rUioin»iUdai\ on the contrary, umlergo a 
very remarkable metamorphosis. Tlie onto;;»iiy of tlie.se forms which has Ut-n 
descriU'd by FiiiiTi, Metschnikofk, (iANiN, AvEits, and Lemoinr, is char- 
acterised }>y the absence of nutritive yt»lk fn^ni tlie egg, by the alisence or 
imi»erfect development of the enibryonir envelopes, by the early hatching 
of the larva, an<l by the strange shajKs of tlit- larval forms. We are still very 
much in tin- dark as to the !ii*st stages <)f <l»vel(»j»ment. In Plalyga^^r, a 
continuous pun-ess of division gives riM* to jnunerous cells, some of which soon 
U'coiiie an.iiigni to form a suiH'rlicial layei whieh .surrounds the embryo in the 
form of an envelope (corresjH>nding t«> ili»- stit'sa). The other cells form the 
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ruimded embryonic ludiment, in wliioh an outer ectodermnl layer find an inner 
(lower) layer can stwii be distinguished. TIiu embryo nov,' laiigtbens and is soon 
divided by nieins of a groove wliicb Binks in ventrally into an anterior widened 
oephulic section and n [losterior narroired section. The atomodaeuni a]i|>vars as 
au ectodermal iuvagination in the cephalic section, and srnin becotnc? connected 
with the enteroD which hag develo|<ed from the inner cells. The proctodaeum 
arises considerably Inter, and dues not conimnnicate nitli the ent«ron until a 
very late atage. lu the cephalic Kctinn (Fig. 182) a pair of grasping hooka (V) 
develop at the sides of the month, and twliind these a lower liji {iil). Another 




Via. lEl.— BUg» tn till 'Isvdoptnn' 
i»4«l]itilL>cI«]H-l[lie1im<:DtIhreeip«kjior/^iilvV<'<'^: M, hcodJ tan-al ■!■«■ ; f7.tlilnl 
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Im, ip, nllvary glands; Mil. maDcllble* ; nui, niauthi atl, itomaeh; M, riltf, oetopbagnt; 

pair of linit>a (,!/!/) arise IaC«r at the |>ostcriDr honndary of the anterior aectioD, 
and a pair of short antennae (a) develop anteriorly. Tlie posterior section of 
the emhryo becomes divided up into several segments and runs out into a fork- 
sliaped appendage (/) recalling tlie fitrca of the Copcpoda. On this account the 
first Urv&l stage that hatched from the embryonic integument after the harden- 
ing of the chitinous entitle, was known as iJie C^cltgii-like stage (Figs. 182 and 
183). It appears tliat, in this stage, only the intestinal canal and the limb- 
muBoles have been differeutiated, while the other still andiffereutlated organs 
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He as radimeiits in a vcntrally placed gemi-band, and only atUin development 
in the next ritage. Into this latter tlte Cyclops-stage passes through a moult, 
and the larva is now an oval limbless bo<ly without segments (Fig. 1S2, ;?6'). 
The nervous system, the salivary glands, and the proctodaeum now form ait 
ectodermal invaginations, and the groups of muscles, by the arrangement of 
which the segmentation is recognisable, gradually develop. The laat (thini) 
larval stage, which follows the preceding after a moult, has the form of a 
segmented maggot devoid of limbs {^). 

The larval forms in other related genera si'em to vary greatly. lu T^iau 
there is also a Cyc/o/w-stage, but it is preceded by a spindle-shaped larva whifh 
is more e<pially si>gmented and has small stump-like mouth parts, while still 
devoid of grasping hooks (Ayers). Development here begins with the formation 
of a coeloblastula (Metschnikoff, Ay£i:s), in the inner cavity of which a 
lower layer fonns by the imniignition of cells. The rise of a median groove 
marks the bilateral symmetry of the embryo and an anterior thickening dis- 
tinguishes the cephalic end. 

All these larval fonns of the Ptcromalidar must l)e regarded as highly 
si)ocialiHe<l, but we are not in a ]M)sition to determine in individual cases the 
ontogenetic significance of the development of these remarkable forms.* 

The larval forms of the Insecta are very varied. A comparative 
review of them shows most clearly that the manner of life of the 
larva is the chief factor in determining its outward ap{)eiiranco. 
We thus have, in the phytophagous larvae that feed on leaves, the 
eruciform type or i>olypod cat^irpillar, in the forms that lx)re into 
wood, a similar type with ^wwerful mouth-i>arts and strong cephalic 
capsule, hut with degenerate limbs ; where the life of the larva is 
more or less parasitic, the form is that of a maggot, etc. In other 
groups (Oithoptera genuina), the larvae of which agree in their 
manner of life with the adult, the outward appearance of the 
imagines is to a large extent already found in the larval forn.s. 
It is evident from these considerations that the metamorphosis of 
the Insecta can only to a limited extent l>e utilised for phylogenetic 
j)uriK)s«s. 

Above all, we must bear in mind that the larva which comes from 

the egg already shows the typical segmentation of the body, and that, 

therefore, in no single cjuse arc the ancestral forms which prece<led 

the oldest Insect forms reproduced in the larvae. All that we can 

lejirn from the larvae of the Insecta is of value merely within the 

limits of this class. 

• [Kri.A<;iN (No. XXVIII.) has recently reinvrstigat<<l the development of /7a- 
fi/'jii>f' r with KjK-cial n.'ganl to the origin of thr germ-layers; there is no yolk, and 
the total clravage which occurs is n'g<ar«ied by this author as a modification of 
Mipirficial cleavage. IIksnI':<U'V (No. XII.i hiniilarly tinds total cleavage and 
on«* embryonic rnveli>|>c in the nearly allied f'haicolidaf. A curious condition 
is fiMind by M vkihal (No. XXXIII.)ni EiH-ijrtns fnscicollU^ a form dodtdy relatefl 
to I'latygniUfr ; here the ovum gives Hm*, not to one egg, but to a fegion of 
small niorulae, which form chains of 50-100. — £i>.j 
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Tho nWnce of wings iu all insect larvae points liack to the 
primitire nature of the Thysantira, and many insect Uirvae actually 
agree closely in appearance with the memhers of this t,'emia, The 
Campodeiforra larvae, Uie importance of which wqb specially pointed 
oTit hy Braubh (No. 145), would thus represent the larval type 
which has uiost uearly retained tho primitive character. As the 
chief charactcristica of this type we would name ; liiting mouth- 
IMirts, jointed antennae, thoracic segments more or less reBeiubling 
the abdominal segments, well developed thoracic limbs, a long, 
slender, ventrally compressed form of body, and two joinl«d pro- 
cesses (cerci) at the end of the abdomen. This tyjie is fairly 
accurately adhered to by the larvae of the Ephetneridae, Perlidae, 
many Xeuroptern, and many Coleoplera, 

The metamorphosis of tlie Insecta, as a rule, is more sharply 
marked in the higher orders, tho separate stages being more iinlike 
one another, and the trnaBition between them not being gradual. 
"We must therefore regard incomplete metamorphosis as the more 
primitive condition, and complete metamorphosis as a higher grade 
of individual development acquired in the Insecta, Consequently, 
the larvae of the Metabola must all be considered as derived forms. 
But in tho Hemimetabota also, certain characters, phyletically con- 
sidered, must also be regarded as new acquisitions, e.;/., the presence 
of a so-called closetl tracheal system and of tracheal gills in many 
aquatic larvae, since, in all probability, this manner of life must 
be considered as only recently adopted. 

While, therefore, little importance attaches, phyletically, to the 
lorval forms of Insects, certain features are perhaps of some value, 
in so far as the acquired larval forms also show a tendency to repro- 
duce the morphological characters of the ancestral forms. Among 
the features which have thus come to the surface again, wu have : 
(1) the softer nature of the integument of the body-surface ; (2) the 
less marked separation of the thorax from the abdomen ; (3) the 
njore uniform segmentation of the extremities ; (4) the absence of 
the facet-eyca ; (5) the frequent occurrence of abdominal limbs. 

3. DeTelopment of the Imaco. 
We have already (p. 35;'!) point^id out the charncteristic distinction 
existing between the homoniorphous onlors of Insects on the one 
hand, and the holometabolic forms on tlie other with regard to the 
manner of development of the sexually mature (imaginal) condition. 
In the first group, the development of the adult is accomplished 
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through a series of gradual internal aiitl cxtcrnni clinnges, not diflcr- 
iiig essentially from the ontogenetic processes vrhich occur in the 
metamorphosis of most other nniniale. We can here trace htcV tKe 
development of the wing-rudimentf, the external genital ap]>aratt>«, 
and alt other alterations of form to fiiniple growth of the larval body. 
The transf on nation of the internal organs, chief among which ue 
the genital organs, is accomplished in an oiually simple maiiDer. 
We may perhaps assume, although this point has not yet lunfii 
thoroughly investigated, that, simultaneously with the groivlh of 
the internal organs, a gradual regeneration takes place in them, ■>, 
indeed, ia frequently the case with functional organs. Wo nis; 
assume thai some of the cells or cell-groups, exhausted through the 
performance of their vital functions, are absorbed and replaced hj 
fresh elements, so that a constant gradual regeneration of tlieae 
organs is in progress. 

In the holometabolic orders of Insects, on the contrary, the toUl* 
sition from the lost larval stoge to the ndiiH form is acci 
througii the intercalation of a resting stage (pujiol s(age), 
the acts of feeding, and usually also uf locomotion, are su] 
while the whole life -activities of the organism seem directed 
the important and complicated ontogenetic processes, which involve 
a comjilete destruction of many of the organs of the larva and Uteir 
renewal from certain rudiments limoffiiial diKu) already present in 
the latter. <!)nly a few of the organs found in the larva pass directly 
over into those of the ]mpa and the imago. Among tlieae we mail 
reckon the rudiments of the genital system. Tlie lienrt aUn and 
tlie central part of the nervous system undergo only slight diongts. 
MoBt of the other organs of the larva, on the contrary (the hypo- 
dermis, most of the ratisclcs, the whole of the intestinal canal, awl 
the salivary glsnds) arc completely destroyed, Tlicir cell», under 
the inHuence of the blood -corpuscles (leucocytes), which here art 
as phagocytes, break up into pieces which ore token in and digMAd 
by the latter, while, simultaneously with these jiroce-sses of disinte- 
gration, tho reconstruction of the organs from the formative oentrM 
(imaginal discs) already present in the embryo is accomplished in 
such a way as, in most cases, to prewrve the continuity of the organ. 
Wu shall only be able to understand these princesses by rogardiMg 
them as an extreme caso uf the regenerative princesses, which we 
assumed must occur in the Homomorpho. Wi< shall then have to 
assume that at first oidy a part of the rudiment of an organ develops 
and (unctiona for the use of the larva ; this part becomes exhausted 
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iluciDg larvnl life, so that it ia no longer capable of performiog its 
futictiona and therefore disintegrate a, while another part of the 
rudiment remains from the first in an undeveloped condition, 
persisting as the imaginal disc, in order, during the pupnl stage, 
to undertake the regeneration of the organ. 

It shovild licrc bo fmintf'd out tliftt tiiis rpniarkablo nielhoti of dovelopinent 
of the organs of tho im&go, although most nuLrked in the InsecM, is also fuimd 
mdicfttud ID other anim&l groups. Ws find repeatedly that, instead of the 
gtadiul transronnatiDii of a larval organ into the corresponding adult organ, 
anotbir oourse ia entered upon, tlie larval organ being dustrojed or degenerating, 
ttud the corresponding organ in the adult ap(>Garing anew as a rudiment We 
refer here to Vol. ii., p. 312, M'liere the disap]>earance and resppenrance of limba 
during tlie metaniorpboflia of the Crustai^ea is desuribed. A similar phenomenon 
was mentioned in oonnectton nitli tlie Acorina (pp. 104 and 105), in nhich s 
partial itestractiou and a reconstniction of the internal organs occurs. Where 
the distinction lietn'een the larval and the ituaginal form of an organ is very 
marked, tlie latter mode of deretopment m&j ercn ap[iear as a aimplifii^tion 
of t!ie ontogenetic process. 

Although SwAMiiBRDAii had already sliown that the limb-rudimenta 
can be recc^ised under the integument of the larvae of holometa- 
bolio insects, our more detailed knowledge of the clianges connected 
with the pupa! stage is due to the resenTchea of Wbisstann (No. 129) 
in connection with the ontogeny of the Diptora. The fact that lat«r 
students of this Buhject, among whom should be named Gamin, 
ViiLLANEB, KOnckel iVHercouis, Kowalevuky (No. 112), and Van 
Kbbs (No, 121), restricted their investigations to the same order, 
accounts for our being most familiar with the processes of meta- 
morphosis in the pupa of the Dipteran family Musciilae. Our 
description will therefore chiefly refer lo this family. But since, 
08 ia easily seen, wc have in the Mueciiiae the moat complicated and 
the most modified ontogenetic conditions, we shall often have to take 
aa starting-points the simpler formative processes found in other 
Holometabola, such as the Nematocera (Corelkra), the Hymenoptera, 
and the Lepidoptera (Wkissiann, Ganin, Dewitz, etc). It should be 
mentioned that our knowledge of the subject is still very incomplete, 
and only the principal features can l>e regarded as established. We 
have, especially, no knowledge as to how far the conditions of the 
inner metamorphosis ascertained as prevailing in the Mmeidae occur 
also in the other groups of Insccta, although it must bo regarded as 
probable that similar processes take place in the pupae of the 
Lepidoptera, Hymenoptera, and jierhaps also of the Colooptera, 

We shall consider these ontogenetic processes under two heads. 



discussing Giat the dovelopment of Iho external form of the body, 
and then the rise of the internal organs of the imaga 

A. Dflvelopmeiit of tha external form of the Body. 
The external form of the imaginnl body is already complete in 
mdiment in the pupa, so that the }ms«age of the pupa into the 
imago takes place merely by an unfolding and hardening of parts 
already present. The form of the body of the im^o must therefore 
be prepared in the last larval stages, and attains complete develop- 
ment at the pupal mouJt (the transition to the pupal stage). 

In most cases tho transition from the larval shape to that of the 
imago consists principally of a mo<1ificatian of parts already present, 
now rudiments participating in it only to a limited extent In the 
Lepidopteran caterpillar, for example, the head, together with th« 
antennae and mouth-parts, and, further, the thoracic limbs (though 
in an essentially modified form) pass over direct from the larra to 
the pupa. The compound eyes and the wing-rudiments arise as new 
rudiments. The latter appear on the meso- and meta-thorax of the 
larva in the form of imaginai tlisa {inng-<fiie«}. The same is the 
case in very many other Holometabola, in which the transition from 
the larva to the pupa rests essentially upon a transformation of parts 
already present. We ought here further to mention modifications 
which occur in the altdomen, and which consist partly of the growth 
of the abdominal rudiments (extremities 1) into external genital organ* 
(ovipositors, poisonous stings, pp. 299 and 300), and partly of an 
apparent diminution in the Dumber of segments. The latter may be 
brought about by a fusion of distinct segments, or by a union of the 
first abdominal segment with the meto-lhorax (Hymonopteia), or tlae 
tnay be traced to a transformation of the most posterior segment! 
into a telescopic genital appendage (ovipositor, penis). 

In those cases in which the larvs is limbless {Diptera, manj 
Hymenoptera, and Coleoptera), the limbs of the imago also arise 
as new formations in the form of imaginai discs (limb-discs). 

The metamorphosis of Corefhra (WEisMavN, Xo. 130) may serv* 
as an example of the simpler type of metamorphosia Tlie lar^-a 
belongs to the encephalic tyi>e of Diptcran larvae, and conseqoantly 
the head of the adult is present as a niilimont in this stage; this 
larval head, through certain ino«ltfi cat ions of its parts, paoHes directly 
over into tho pupa. Even the compound eye is nlrcndy found in the 
larva, a rare and exceptional occurrence among the HolometalMla. 
The thoracic limbs, the wings and the halteres, on the contimry, am 
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developed as entirely new rudimentB. We consequently find, in 
the last larval stage that precedes the pupal stage, correspondingly 
arranged imoffiml iii»c». Each thoracic segment shows four such 
discs, two ventral and two dorsal (Fig, 183, ba and/u). The Teutral 
discB (ba) become the limb-rudiments. Of the dorsal pairs of discs 
(/a), that oceutring in the meso-thorax Incomes changed into wings, 
that in the mcta-thorax into the halteres, while the corresponding 
rudiment in the pro-thorax yields, in Coreihra, the stigma-bearing 
dorsal process and, in Simutia, a tuft of tracheal gills. If we examine 
8uch a rudiment (imaginal disc) of a limb more closely, we see that 
the limb itself as elsewhere {e.g., in the 
Hemimetabok) arises as aTi outgrowth of 
the surface of the body. The only dis- 
tinction here found is that the liinb- 
Tudiment, as a whole, appears sunk below 
the level of the surface of the body. It 
arises at the base of an invagination, in 
the same way as the head- and trunk-diBca 
in the Pilidium larva of the Nemertiui 
(Vol. i, p. 221), and the rudiment of the 
lower surface of the Echinoid body 
in the Pluleus (Vol. i., p. 439). Such 
instances of the occurrence of rudiments 
of important parts of the adult body in 
an invaginated condition might easily be 
multiplied. For instance, the body-wall 
of the primary zooecium of the eeto- n'lhoi*"" 
proctous Bryozoa is found invaginated in 

the larva (as the sucking-disc and mantle-cavity). The lumen of 
the invagination in which the limbs of Coreihra (and of other 
Holometabola) appear as rudiments was called by Van Rsbh the 
peripodal cavity, and the aheath which bounds it externally, and 
which naturally is continuous with the hypoderriiis, was named tlie 
peripodal mevibrane. 

W« itinBt aiBiime tbat, from the very lint, &□ eL'todermil nnd & niesodenual 
portion derived from the correapooding lavere of the gerui-liand, take \Mtt in 
the radinienta of the limhs. The ectodonii of these mdinieats ia in ooiitinuous 
connection Kith the peripodal ni«nbraiie, and throngh it with tlie hypodenuia 
oo?mng the larval hody. Weismask was inclined to derive the organ* that 
develop within tlie linil). rudiments (traclieae, ninsclea, etc.) from growtha of the 
neurilemma of a nerve joining tlie imuginal disc. For nerves aoci tracheal 
nnificBtions ippcar earl]^ on the inner surbce of the imsgiual diaca. 
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When the limb-rudiments increase in size, ttiL- peripodfil lufmbmnt 
is correspondingly stretched, while the uppendaga within it oesuiDM 
a more or less Iwnt position. In consequence of this, the wing- 
rudimonta seem folded, and the rudiments of the 1^!S in Conikm 
ate spirally coiled. The unfolding of the limh-rudimcnts is brou^t 
about by their protruBiou from the invagimttion in which they wm» 
at first hidden. As they becorae more and more protruded, lb« 
peripodal depression becomes continually shallower, and finally 
the peripodal membrane becomes completely evagtnated and fnimB 
a part of the general hypoderniis. 

The internal organs of Cortlhra, « compared with those or nthsr Hnlonut*- 
boln, seem during nietanior|ihosis to undergo ouly uninipoitant iltmtloM, Of 
tlie striking proc«ss» of disintegration and of subwqueat rT)^ner*tion, wbkli 
have been so nell eslibtiahnt for the Muacidae, nothing is tn l>e ohatrrod in 
Cortlhra. It deserTm to )« mentioned, however, that, according to Kowalkvbkt 
(No. 112), A rlisintvgrnlioti of tlie larval and the derrlopmenl of the *■— gt-nl 
epilhelium of the enteron of CortUini takes place in the same way ai in Utma 
(«ee halow, p. 3S3). Most of the lurral organs pass directly oret into the papal 
and imaglnal stages; ths general maicuUture also retoaina unaltcnd, Ixtt tlie 
mnsuiN of thp liinbe and of the wings corns Erom new radinieDts. Th* Uttar, 
accoi-diug tu WiisMAMt, ariae iu the last larval stage from cell-straDiIt whkh 
appeared as rudimouts in the emiiryo. 

Whou WB consider the unimportant character of the internal chaDgta whisb 
oociir dnring the ni*taiiiotphosi* af the Tiimlulnt, of which Cortihra surrw m 
an example, we shall hardly douLt that tlie conditiona bore found refnamt 
a transition from the incomplete to the ooniplete method of nictaniorpbaais. 
This is confirmed inlrr"tiii hy tlie short duration of the pufiol itage ami Ha 
capacity for free moTemoiit. as alsn by the early a[ipcanuiee of the oain|ioui>d 
eye, a character wliieh Cvrttkra hu in common with the Ileniimetabolo. 

Wr must new descrilie more iu detail the deveto|)nieiit of llie iiInK*, «liUi 
has been 1>est ascertained in Ilie Lejiidoptcra l>y Skui-ek (Ko. 120), Lakmm 
(No. 11*J, pAKKKiTirs (No, 120), and BL-B.irF«B (No. I2ia). Th* wing*, 
like tlie othi'r rudiments of extremities, arise as aimi'lo oul^flvn ths of the byp»- 
demii* within a peripodal dcpresoian. They thus at lint re|>r>'aciii a ilni|it« 
fold of the hypodermii, the point of insertion of thii fold being connected 
inlenially with pcculinr modifies tione of the fat-liody and otlJie tracheal aystwn . 
Tlie fat-lwKly at this point shows acconiuUtions of small nelU, whicli Iism bta 
regarded by St'uXrrlcB at farma-tlTD centres. The tracheae which Join Ih* 
wing-nidimenu form a clote network of very fine tracheal tubes, which d«<rdop 
OS intracellnlar stnicturea nithiu single large matrix -eel] a (Landoia, ScHinnd- 
These netunclu uf tneheac dogelierate a/Ur At jiup-U Magt Am btat ailtrtd 
ttpim. On the other hand, Urge tracheal ramilioalions derelop which run iuUt 
the wing* and lead to the rlevvlopnient of their Teuatiou. When the oal«T]iiIkT 
[— *T^ into III* pui>a, the wlog-ruiliments are evaginatol (ram the jieriiwdal 
uavlty by the action of increased blood -preosn re. The wing-rudimenla tlioa 
beaime reaiclra filled with Iilood which contain tracheal rami lira tious. At a 
later etogr, however, the layer* correijiondiiig to Iht future upper and lower 
■orlacM of tlu wings become closely applied uid fuse, except alouK Ihow lins* 
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that are occupied by the traclieal rwnifications ; hero also the hlood-lluid 
circulates, and these lines become transfunued later into the iiutwork uF veius 
in the wing. In later stages, tracheae are no longer to be found within tha 
TeiuB ; Ilie; hare either degenerated or, as in Muaca, according to Weishami, 
they have been vithdran'n out of the veins iut4> the thorax. There, however, 
retnuiis in the veins a strand, whicli was discovered by Sempbr in tlie Lepi- 
doptera, and which in early stages accomiuinies the tracheae ; this ive may call 
the rib-alrand (Sempbr'm mng-iihs). It reaewblea ii traeheal tnhe, and consists 
of an outer matrix and an inner intima wljich gives off projecting dendriform 
processes into the lumen. The centre of the lumen is occupied by a longitudi- 
nally atrintcd strand (a seorcttan t). Skmfer was able to prove the connection 
of ^lese rib-strands, which, in the adult, aj'e only to be found in. the basal half 
of the wing, which they serve to support, with the tracheal ^ateni. These 
stranda must therefore be transformed trach-eae. Nerve-trunkB are also found 
in the wing-voins. 

The cuticle of the wing, which does not develop until soinewhet late, is 
considerably thickened on the surface of the veins. The manner in which the 
two hypodermal lamellae of the wings fuse is of some interest. A "baaal 
membrane" develops on the inner aurfaoe of the liypodemiis on each side, 
while the hypodermal cells themselves heconw pilUr'tike. The two basal mem. 
branes become closely applied to one another, fuse, and finally disintegrate, 
so that, in the adult wing, the hypodermal pillars extend continuously throagh- 
out the whole thickness of the wiog. 

It sliould here be mentioned that the facta of ontogeny art not favourable 
to AnOLrH'a theory of wing. venation. According W this theory, the veins 
of the fully formed wiug are to be divided into convex and concave reiua, which 
differ in their origin, the concave veins being derived from tracheae, while the 
convex veins develop out of cell-strands into which tracheae can extend only 
secondarily. The system of convex veins and that of concave veins are origiU' 
ally altogether distinct. But it has been proved by Bbauek and Seutknbacheb 
(Ko, 101) for the wings of the Odouata, and by Gra««i for those of the Termi lea, 
and more recently by Haass (No. 108) for those of the Lepidoptera, that the 
branches of one and the same tracheal trunk may be changed partly into convex 
and partly into concave veins, so that tlie postulate on nhieh the theory rests 
[■ negatived, Thu theory is also opposed by Van Bimmblen (No. 99), who 
CQuSrms the ohservation made by Fk. SII^ller in conuectioti with the 
ifsfmphalidae, that the system of veins in the Lepidoptera immediately after 
entering the pujial stage differs in details from that of the adult form. The 
observation of the development of the venation in the wings has thus a. certain 
phylogeuetic significance. 

Tlia hairs and scales of the Lcpidopterau wing arise as outgrowths of single 
hypodermis-cells (mc>ther>cel1s of liairs and scales, Simfeb). The dianoterislic 
definitive niarkings develop only after the dilTcrentiation of the scales. It must, 
however, be mentioual that, according to \'as Bemmei.em, the permanent 
markings are preceded by transitory markings, which are essentially distinct 
from the former, but have a few features in common with them. 

Much more complicated ontogenetic processes are raet with in the 
Miuddae. The limb- ami wing- nidi men ta here arise in the same 
way as in Corethra. But, in tiic Mmcidae, the whole of the 
iniaginal rudiment is shifted much further into tl>e interior of 
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the bodj, the periiKxlal cavity appears closed and the peripodal 
membrane is connected with the hypodermis merely by a delicate 
thread-like stalk (Fig. 184 A, is; Fig. 185 A^ tf). These connective 
stalks, which were recognised by Dewitz* (Xo. 102), who correctly 
gras|)ed their significance, have a fine lumen, as was shown by Van 
Rees (No. 121), who has recently studicil these structures more 

closely. Although the first 
developmentof t)ie imaginal 
discs in the embryo of the 
MtufcifJae is still unknown, 
we shall not err in tracing 
them back, like those of 
Corethra^ to hypoilemial 
invaginations. We must 
then regard the stalkdike 
connection as the long 
drawn out neck of this 
invagination. 

In other respects the 
development of the ex- 
tremities (Fig. 184) takes 
just the same courso as in 
CordhrcL Tlie rudiments 
of the legs increase in sizo 
and early show traces of 
the later segmentation. 
They api)ear ^Kicked int«> 
the |)eripoi1al cavity in 
such a way that the differ- 
ent joints of the limits 
t<4escope into each other 
** like the rinj^s <•£ n traveller's drinking cup'* (as Van Rees 
ai)propriately express«'s it). The evagination of the develoi»ed 
liml>-rudiiii('iit8, which occurs on tin* first day after the commence- 
ment of the pupal roiidition, takes ])lace by the shortening of the 
stalk of the iina-^inal di.-c (Figs. 184 7/, and 185 //) and the widen- 
ing of itrt lumen, which allows the extremity, as in Coreihra, to 
emorge finally throu;:h the witlcning aj^rture of the |)eri|Kxial 
invagination (Fi^'.*. 1^4 C\ and 18G A), While the latter at the 
sanir time gradually disiap{>earH, the {leriiKxlial membrane is utilised 

* Ki >*rKEL l»'Heii( I'LAis (No. 113) also n^cogniied these strands. 





Fifi. 184.— Di«;,Tatiitiiatlc treDiivers<« MCtioa throtigti 
the Unra ami pui« of Mf4e»f to iUatftratv th« 
fl»*%-flopii)eDt of th«' wiiigH, tht leift. and the iiiiagtoal 
liyfioleniiiN (fn»iii Lan<."- 7>jf ■'»•-. JL). h, limb- 
ru<liii)ent8; /, wiiif;-ru<linii>ntN ; lAy, iiiiSKfnal hypo- 
(Icrmiii, in D pxtciidlDK from the )««« of the 
tiiiaglDal discM: iUI, iiiia^inal tliAO* of th<' wings; 
i(r. iiiia((inal diacs of thi- leg* ; is, strand conm-cting 
the rudiment with thf hyiwileriiiia ; Ih, chitinoii* 
int«giiment i>f thf larvn : Ihu, larval hypodcnnin 
(in«ticate«l hy two thin lAralU 1 outlinfM, while th<> 
intaginal hy)MNiirnii« \% reprtsented by thick black 
Inifs). 
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for the formation of a hyiMxIermal thickeuint; in proximity to 
the point of insertion of the limb, and ttiia thickened part of the 
hypodermis gives rise, as we aiiall see below {p. 379), to the forma- 
tion of the whole imaginal thorax, while the hypodermis of the 
larva disintegrates. 

Wu must brre tmicli upon the quesCioQ of the Brat Hppcarance of the idsbo- 
dermtl portion of the rudiinents of Che eitremitifs. In the iinaguiHl diaos of 
deTFloping ]arraa of Miisea, a aepantiali into tn outer ectodermal bdc] an inner 
mesodermal portion is sIkbjs fonud. Gamk (No. 107) derivea the megodernul 
portioD from & ditri;rentiatiDii and dulamination of the innermost Ujers of the 




Flo. Isi.—DliiBmii' ILluitntlng tlie poiltiaii oF the Inoglul iIIkh In tha lim (J)ud |idib 
tB)ol Viun (Ukeu froiu Via ttus). Tb* wlu((-nuliiiieiiU ■» Dmittsd. b>, opUc dlK; nI, 
utanul TDitlmciit; fii, d^, M, rnatnienli of the tliren Ibgndv Uinba; l>g, veatrai chfla ol 
HuglU: 0, tirain: A. hmvIIscI "bnln-appegdage" ; m, perlpodBl niBnibnna; o, ■pertiira ol 
llw bnln-appgDaitfC Into tho phu^ui^ uc, u«iop>u(;iu i ii, ao-ailled " pharynx ' ; t, rudlinsnl 
fit Tbe proboKlb ; u, n-ontal ilU^ : st, stalk-U^c cannecUoD betwHo ttia ped| 
■nil tbt hypiHleriiils ; 1, 11, 111, llje thn€ Ihonelc leBacaU. 



ectodBrnial portion, and Van Rets has supported this view, Kowalktskt 
(No. 107), on Che contrarj, tenda to the view that the mesodermal part of the 
imaginal discs is to be derived from the cells ot Iho cniljryotiio mesoderm. He 
finds, aoattered in the mcsodemi, beneath the hypodeimis of tbe larva, so-called 
vxindtriivj ctlla (Fig. 190 J, lu, p. 3S3], which differ in appearance from tbe 
leucocytes, and whioh represent the oleinenta from which tlm formation of the 
neBodemial put of the iniagiusl mdiments proceeda. Kowalevskv ii disposed 
to asaume an imaginal rudiment for every segment, this rudiment being, 
however, lo delicate and undilfcrentiated aa not to he discovcralile in tlie tint 
Btagea. From these iniofpnal mdiments of the mesoderm, the above -men Uoned 
wandering celU vioaM be derived, and nonld only secondarily become connected 
with the imftgiDal discs. 
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The development of the cephalic region in the Muscidae is more 
complicated, and still, in spite of the descriptions of Weisxakm 
(No. 129), Van Rbes (No. 121), and Kowalevsky (No. 112), difficult 
to understand. In this connection we must recall the fact that the 
cephalic region, in the larva of the Afiiscidae, occurs in an extremely 
reduced condition, the head-region being represented only by the 
most anterior and smallest of the twelve segments of which the 
body of the conical larva is composed. Its small size is partly to be 
ascribed to the fact that a considerable portion of the head is here 
present in an invaginated condition. For, as has been shown by the 
researches of Weismann, the anterior part of the head, the mandibles, 
and the whole of the region surrounding the mouth are invaginated 
in the last embryonic stages, and in the fully-formed maggot are 
represented by that depression (Fig. 185, p) in which the hook- 
apparatus, characteristic of the larvae of the Muifcidae, develops. 
This invaginated part of the head into the base Of which the 
oesophagus now opens, has been named, not very happily, the 
oeaophcujeal bulb or p7uiri/7iJt, and it must for the present be held 
that the cavity thus named does not belong to the alimentary canal. 
It is an invaginated section of the head, and the formation of the 
imaginal head consists for the greater juirt merely in the evagination 
of this region. 

The first rudiments of the most inii>ortant ])arts of the head (the 
eyes, the antennae, and the frontal region) are found in the youngest 
larvae as a jvair of cell-masses lying in the thorax, closely applietl to 
the halves of the brain (and therefore called by Weismann brain- 
apjtendage*). These are, probably from their first origin, connected 
anteriorly with the pharynx, and might bi* descril)ed as the imaginal 
discs of the head. In the later stages these assume the form of a 
pair of long sacs exi»anding jx^steriorly (Fig. 185 A and 7^, h\ and 
may no doubt, acconling to their orif;in, Ik* regarded as outgrowths 
of the larval pharynx (see alx)V(?). Epitli(»lial thickenings soon 
apjH'ar in the walls of these sac-like ** brain-appendages," and in 
thesi* can Ik* recognised the rudiments of definite jiarts of the head. 
A disc-like thickening appeai-s in the i»ost(>rior widened portion of 
each of the ai>pendages, this rei)resents the rudiment of the com- 
jKJUud eye, an<l is couse(piently called tin* optic disc (oj*). On the 
basal surface of the o]»tic disc there is a (rellular ex|)ansion connected 
with the siipra-oesophageal ganglion by a nerve. This nerve becomes 
the optic nerve of the adult, while the (jptic ganglion becomes more 
distinctly se|)arated from the brain. In the anterior, more cylindrical 
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or tubular portion of the "brain apiiendages" we find tiie froTitat 
dite. (m), from vhiuh the anteimnl rudiment aoon grows out in just 
the same way as do the limViudinients from the base of the imaginal 
disc that gives origin to them. 

Originally (Fig. I(*5 A) the "brain appendages" lie somewhat far 
back, in tiia thorax of the larva, so that they connect the posterior 
part of the wall of the pharynx with the moat anterior segment 
of the brain. Later, however, after the pupal stage has been entered 
upon, they, together with the central nervous system, shift further 
forward (Fig. 185 B), so that their anterior extremities, which are 
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now bent ventrally, embrace tlie pharynx laterally (if we have 
rightly understood the descriptions of Wbibmann and Van Eees). 
At the same time the communication between the "brain-appendages" 
and the pharynx (Fig. 1S5 B, i,) becomes wider and wider, and soon 
extends in the form of lateral oesophageal slits along the whole 
length of the brain -appendages. By this means, the lumina of 
the braiD-ai>pendage3 and of the pharynx flow together so completely 
that the two soon represent only one single vesicle, the cepAalir 
veekle (Fig. 1S6, k). The walls of the cephalic vedcle are nothing 
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more than tho external surface of the permanent head, and the most 
important jiarts of the latter (antennae, eyes, rudiments of the 
proboscis) can already be recognised on them. It only remains for 
the cephalic vesicle to be evaginated through the aperture of the 
pharynx (+ to+)» so as to produce the completed head of the 
pujui. By this evagination of the parts formerly iuvaginatod, that 
which was before tho aperture of the pharynx becomes the neck- 
re^'ion (Fig. 186 /?, + to +), which now connects the head with 
the thorax (Van Kces). The protrusion of the "cephalic vesicle,** 
which was directly observed by Weisxamn, seems to be caused by 
the increase of pressure from within, brought about by the con- 
traction of the posterior parts of the body. In accordance with the 
conformation of the imaginal head thus produced, the anterior end 
of the oesophagus })ecomes ventrally flexed. 

We have |K>itited ont above that the so-called pharynx is nothing more 
than an invagiuatcd jwrtion of tho external surface of the larval head. The 
" brain -apiiendages *' lunst be regarded as diverticula of this invagination, in 
which the sei>arate parts of the head ap^iear as rudiments in an invaginateti 
comlition. They niay thus be compared throughout irith the nidimenti of the 
thoracic limbs. All these "imaginal dibcs," according to their origin, have 
to Ik* derived from invaginated portions of the external surface of the tody. 
It is difiicult to reconcile with this hypothesis the accounts of Gkabbe (No. 
28), who in a later embryonic stage of Calliphont {Mutea of most autliors) 
observed the rudimcuti of tho imaginal discs lying as 8im|)Io epithelial platea 
in the interior of the body. Since Gkahek left uninvestigated the preceding 
and the subHctjuent ontogenetic stages, we can only record his statement, and 
must leave the problem to be solved by future researches. 



B. Deyelopment of the Internal Organs of the Imaga 

It has already been mentioned that most of tho organs of the 
larvae of the Muteitfae (and of most Diptera, Lepidoptera, Coleoptera, 

A and Hymenoptera) undergo 

disintegration tlirough the 
action of the blood-corpuscles 
(leucocytes), and that their 
reconstruction proceeds from 
certain embryonic ccll-grou|iB, 
the imaginal discs. Disin- 
tegration and reconstruction 
take place during the pu|)al 
Fi.. I'.T.-i.UKnni uinHimting the formation -f ^tage SO gradually that in 

th<' iiniigirial liyiioilfniih in the abdomen of tin- many caseS the continuity 
Mus-iil'€ (fpiiii Lani.'n Ttxt-bt'ik). hi, iniaginal . . . j. i* a. i_ i 

.hmji of tht iiypoieniiu ; ih, lanti hypwienuu. Of the organ IS not Uisturbetl 
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during tho course of these ptocesaea. Such trnnafoniintion affects 
especially the hypodermis, the intestinal canal, tha muscles, the fat- 
body, and the salivary glau'Is. The modificalion of the tnicheHl 
system can only to some extent be classed in this category ; other- 
wise it appears to be due to sinipJe regeneration through division 
of the cells. The heart, tiie central nervous system, and tiie genital 
rudiments undergo slighter nlteratioii. The changes that take place 
in the different organs must now be discussed separately. 

Hypodeimis. 

The hypodormia of the imago arises through an extension of the 
ectodermal portion of the imaginal discs. This has already been 
stated in connection with the thorax (p. 375). While the limbs 
of the thorax gradually attain development in the pupa, a hypo- 
dermal layer, consisting of numerous small cells, extends from their 
paints of insertion ; this layer, which apparently arises from the 
peripodal merabrane, spreniU more and more over the surface of the 
pupal thorax, while at the same time the area of the large-celled 
larval hypodermis is correspondingly more and more circumscribed. 
The flat edges of the newly.fornied hypodermis (Figs. 187, At and 
168, t) grow into the slit between the superficial cuticle and the 
larval hypodermis (Fig. 188, h), so that, at these points, the old 
hypodermis which is undergoing disintegration comes to lie on the 
inner aide of the newly-formcii epithelial layer (Fig. 188 B). It is 
thus evident that, during the substitution of the new for the old 
hypodermis, the continuity of the superficial epithelium does not 
anywhere appear interrupted, Since the edges of these two hypo- 
dermal envelopes overlap, there is not anywhere a point of the 
body-surface devoid of epithelium. The disintegration of the larval 
hypodermis is accomplished by the action of the leucocytes (Fig. 
188, k), which become massed in the neighbourhood of the dis- 
integrating hypodermal cell.'i and ingest the latter, Since the 
assimilated fragments assume the shape of rounded granules, the 
leucocytes may now l)e distinguished by the name of the grantilar 
aphtrea (Weismasn). The grnndar spheres, which abound in the 
^ture boily-cavity of the pupal stage, are therefore nothing more 
than leucocytes (blood-corpuscles) which have sasimilaled the dis- 
organised tissue of the disintegrating larval body. It should here 
be noted that the breaking-up of the larval tissues is not preceded by 
the deatli of the cells, but is the result of the action of leucocytes on 
the still living tissues which have lost their active functions. While 



tissues fully eftpaUe of vital activity, e.g., tbosc of the imaginal diaca, 
resist tlie attack of tliu loucocyt«s, the larval tisBues, less capable 
of vital activity, are broken up into fragments by th«> attack a( 
the leacacyt«s, and arc simply devoured and digested by tbenL 
These processes may beat be followed in the disintegration of tlie 
larval musculature. Tlie destruction of most larval organs is thw 
due to the capacity for the toking in of nourishment and for intT»- 
cellular digestion possessed by the amoeboid blood-eorpusclea. Tliia 
capacity has been specially emphajise<1 by ^iBracHNiKOFi' (Xos. 116 
and 117), who with reference to tins signilicance of the Uood* 
corpuscles has cnlled them phagorijtea. 




tta. IM.— SscUoBi UinMMth > bjrintinuil linieliiil dlac In 
Kmiumt). A. Ihruugh tho lirvL BuiA r, through Ihe pupk. t, twrmt b)>i«d«>Mi 
V, diUdicd iionjoiii or Oa iinK iLllaaknl b)' pbieMTtcc >, IwglnKl aim : t, ptagMftM 

Ditiurnlnt •liHini'iil*"! tij'piidiimiil t>«l1> (H-»llrd gnnnlu «rl1>); A', pbuRMriaB ratlniitDs 
bypixlntndl nnctet i n, tii4aodfirDaHl nidlincnt of Ujv Lmljfliul AiK t v. wthJTliig cotU, 

The re-fonuation of the hypodermia is accomplished in the head 
and in the abdomen in the same way as in the thorax. In «adi 
of tlte eight sftgnicuts of which the abdomen of the larva consiat^ 
there uri-, according to Gamn (Xo. 107), four ii^lands of small cdU; 
theae are tlie imaginnl discs (Figs. 1ST, hi, and \»6, i) from wbtcb 
the re-fonuation of tho hypodermis ]>ro<;eeda. Vas IUxs luw rwooDtlj 
discovervd another pair of small imaginal discs on tlie abdominal 
se(;munla. The four discs that '>ccur on the last body-aeguenl. 
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clusely crowiletl together, encircle the anal aperture (Fig. 183, ims) 
and take part in the fonnation of the proctoilaemii, yielding the 
rudiments of the rectal sac and the rectal papillae. To thia aegiuent 
apparently also belong the two pairs of ima^nol genital TudimentB 
(tudimenta of the esternal genital organs) which were demonstrated 
hy ICOnckel d'Hkbculais (No. 113) in Vducella. 

It shonld W mentioned that n coll-aecumulatioii teprosenting the giennanent 
mesoderm (Fig. 18S C, m) is found on tbe iaaer Barface oF the alidoinili&l 
inmginftl discs us on that of the thoraciu discs, thia Bccumulatioii being ths 
itarting-point for the devi^loptnent o( the meaodemml stnictnres of the nlidDmen. 
KowALEVBKT, u sboTs mentioned (p. 3TG], has traced baak the erigin of tllia 
mesoderm-accnuiulation to tlie so.cnlled wandering cells (Fig. 186 A, vi), while 
earlior authors were inclined to derive them thiongh dclaniination from the 
ectoderm of the imaginal diaes. 

The newly-formed hy]iodermia extends very rapidly over the 
surface of the body, so that the areas of hypodermis originating 
from the different imaginal discs soon flow together. While this 
perfecting of the permanent hypodermis ia taking place, that of 
the larva is finally destroyed hy tbe phagocytes, 

Unsculature. 

The greater part (or the whole mass) of the larval musculature 
undergoes a process of disintegration by means of phagocytes 
precisely like that described above in connection with the larval 
hypodermis ; the disintegration of the muscles is, indeed, tlie first 
process to take place in the pupa. The muscles of the moat anterior 
segments of the body disintegrate flrat ; and the superficial layers 
ore affected before the deeper ones. 

The disintegration of tbe larval muscles is brought about in the 
following way. A largo number of amoeboid blood-corpusirlcs, which 
bave collected on the surface of the muscte-bundle, penetrate through 
ttie sarcolcmma and wander into the interior of tbe muacle-subetance, 
pressing into fissures which develop in it. It often appears aa if the 
muscle-substance is actually cut out in the parts corresponding to 
the processes of the phagocytes which extend into it. The muscle, 
in this way, breaks up into a number of particles which soon become 
rounded and are immediately swallowed by the phagocytes. The 
muscles are thus transformed into a great accumulation of granular 
spheres, which finally shift apart and become scattered in the body- 
cavity of tlie pupa. The muscle- nuclei are digested and assimilated 
by the phagocytes in the same way as the muacle-Hubatance. 
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.Vwcidtf *ltb iha JiimgJnil dlMi ilcplcU-l (kllcr 
KoKALrvfliirX '''. arcml tube* of tliv chyllBc 
i,l9iii>rb; 'k, ehylinc MiHiiuh; f, ht^illii U 
Ik* Ktm nf tbe iillnrjr iilandii ; h, pnvtudual 
liutiiiul Mn| ; U, ptuetiidMDiii ; U, liiiacliial 
Ill-gut rptllitlluoi ; im, linicliukl 



Van Reeu ami Kowai.ev*kv 
ara ill cutire ngreeiiieut with reftard 
to tlie details of the diaintegntiOD 
of tlie larval iduwIh liy i>liagocytra, 
vrliicli hod already liecn Ilie mlijrct 
of coigecturc to MnwHuiKorr 
aiid Gakin. According to Ym 
Reks, uot all tlif iuuhcIm itf th^ 
larva undM^ biicIi diiintegratiou. 
Certain dorsal groujia of tlic ri< 
temal oblique miuulc of tlie Mcoud 
tliomciu «egT)ient arc retaJDed atid 
jatu) over into the wing-iuiuclea of 
th« lulult after radical iDterual 
nioililications coiuistiDK of an in- 
cri'aw in tlie iiitniber of tlip miclei 
and » rrartantvni^iit of tli« tuuaclr- 
Hnlntnnce. This manner of trail- 
sitiiin fVoni larval to iniaKinal 
miiiii.'ulature al>pran very remark- 
bIiK'. 1'i)t tbe di-wriptiuui of Vax 
RlF.s Irave harillv any doulit ai to 
the ^lecuracj of tlirae oliservatioiii.* 
Aa n rule, the foniiiitiiiii 
of the iiuagiiial inuaclc-grou]« 
tiikes [ilace from the pemtaneiit 
iiie«Hlenii, wliich ia derived 
from that of the imaginal 
discs (Fig. 188 C, J/j). We 
have already stated (pp. 375- 
381) all that is as yet 
known as to the origin nf 
the former. 

Intutinal Otjoal. 

The disinteg^tton of the 

larvul iiile.-tino and tlic ile- 

vi.-li>i>nicnt of the penuanciit 

* f Ai'i'onliDi; to recent invextiKa- 
liiina.yKAWAW*tEW{So.XXIVO. 
lOia>!<-i-yto>ia |>Uyi a very niiiiu- 
imrliLiit iiite ill the lu('tanK<r]iliwiiH 
'if Lnsiiit, thiH heiiig mpecially 
tiolio'iibli- ill tlie diiiintef;ration or 
111-' lai'viil tLU'«iea: tbe pluitjnrrti* 
here il'i not rau«e tlio liqnefactinn 
iif (h>' lilirM, liiit ar< only eoncerneil 
ill Ilic aliMirlition of the Iii|iliil 
iiiasH.— En.] 
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orgnn from diatiuet iinaginal discs take place, as with tlio hypi> 
dernuB, side by siile, in such a way that the contiouity is not 
anywhere intcrnipted. We owe our knowledge of the imaginal 
diees of the intestiual canal to Ganim {No. 107). More recently, 
KowALBvaKV (No. 112) and Van Rekh (No. 121) have described the 
development of the intestinal canal in detail. 

The imaginal discs of the intestine, which in the pupa is very short, 
are found in the enteron 
in the form of numer- 
ous scattered cell-islanda 
(Fig. 189, le); in both 
the storaodaeum and 
proctodaeuQi these ap- 
pear as a ring (o and h) 
of imaginal tissue capable 
«f great increase. The 
imaginal ring of the 
fore-gut ((-■) lies in the 
region of the so-called 
proventriculus {pr, cf. 
Fig. 191, im), while 
that of the hind-gut 
is to be sought immedi- 
ately below the aperture 
of the Malpighian ves- 
eels. The regeneration 
of these two parts of 
the inlfistinal canal is not exclusively brought about by these two 
rings, but the imaginal rudiments of the neighbouring parts of the 
body-surface participate in it. It thuR appears that the most 
anterior part of the oesophagus is yielded \>y the imaginal discs 
round the mouth, while the discs of the eighth abdominal segment 
that surround the anus (Fig. 189, img) produce, by invaginaling, 
the lectai sac and the rectal papillae. 

The development of the permanent mid-gut (chylific stomach) 
proceeds in sucli a way that the island-like imaginaJ discs, increasing 
considerably in number, extend over the external or basal surface 
of the epithelium of the larval enteron (Fig. 190, o) until they come 
into contact and fuse, the wall of the imaginal intestine being thus 
formed. The whole of the larval enteric epithelium (e) is at the 
a time cast off into the interior of the gut and, surrounded by 
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a layer of small cells (/), |icrlinpd derived from t]ie imaginal discs, 
(IS well as by a gelatinous envelope, forma the so-called yellow 
body nliicb, until its disintegration, remains lying in the pupal 
intestine. The lan-al muscular coat (Itn) 
remains intact so long as the imaginal 
ni id-gut is not completely developed, 
but is afterwards attacked by phagocytes 
nnd destroyed. Tbo permanent muscular 
liiyer develops from single cells lying on 
tlie outer surface of the imaginal discs 
(Figs. lt<9, im and 190, m), wbich must 
be descTi1>ed as special iuiaginal cells of 
the intestinal muscles. 

The uietamor]>hosis of the fore-gut is 
coiiimenccil by the degeneration of the 
pruventriculus and of the sucking stomach. 
The proventriculus or gizzard (Fig. 191, 
j>r), wlach seems to l>e formed by a 
]iToce:<s uf infolding or intussusception of 
thi: furc-gut, degenerates through the 
flattening out of this fold. Tlic sucking 
pti.iiniieb also degenerates in a similar 
vnty, R'treating more and more into the 
oesophagus, so that, in place of the 
original diverticulum, there now only 
ciiiui. " ' ' remains a widening of the lumen of the 

in'»>]>liagii!>. At the same time, this part 
of the gilt is iittackc'l nnd disintt-gratcd by phagocytes, while the 
di.4^<^gani^<ed parts are replaced )iy tlie gRidually extending imaginal 
[Mirtions of tlu' wall. Tlie imaginal ring of the fore-gut (Fig. 191. 
ii,i), which, aiMnrding t- Ki iwalevnkv, undertakes the formation of 
a great \y.\ri of the (HTiuanent >iesii|ihagus, cImsi-s posteriorly, so that 
tin- comiiiuniealion with the mid-gut seems to he interrupted. 

Tlie IriiiiKformation of the hind-gut takes place in a similar 
manner. Here also the imaginal ring extends s-o as to form a tu)te 
which, growing round the oiieiiing of the Malpighian vessels, cUises 
towarils the mid-giit, while jxisteriorly it is e-imnectcil with the 
din integrating jiroctoilaeuni. In a ximilar way, the territory of 
the pr<K'l<<dacum i" circumscribed by nn imaginal tu1>e growing 
tfiii belihiil, formed by one of tlie imagnial dis«'s found in the 
neighbourhood of the anal niKrture, tilt tinally, when the whole of 
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the larval hind-gut is clianged into granular cella, the two iraagiiial 
sections of the tube seem to be approximated until they come into 
contact. 

In the above dvscri|ition, vie liavg uiainly folloiriid the Bccouuta of 
EowALEVSKT, According tu Vak Rres, tlie roconitrnotion at the Tore- uid 
Iiiud-guts is brought nlxmt, nol merelj by the imagina! discs already mcnUoDed, 
but a simultaneous regeneration of the larva] epithelium takes jilace, uuly some 
of the cells of the larval epithelium uudevgoing disintegratioD, irhile othera, an 
the contrary, undergo rejieated diviaion and form a portion of the itnaginal 
oesophagus. 

The ulivary glands of the larva (Fig. 18B, sp) are entirely destroysd by 
phagocytes. They are rpconatructed from the imaginal discs which, according 
to EowALBVsKT, fomi a ring at the anterior end of the glandular tube (c/. the 
■tatetuenta of Schieubkz, 'So. 126]. 

From the acoounta hitherto given, it is diflicnlt to make ont what kind of 
tranafonnation is undergone by the Halpighinu vessels. According to Van Kkeb, 
a regeneration of the larval cells through division may take place, or theae 
elements may diaintogiate. 

The method of trauHfonnation of the iiiteatiual canal described above seems 
very widespread among the holometabolic Insecta, It has been obaerred not 
only iu Diptera, hut also in Lepidoptcca (Kowalbvsky, Fsekzel], Coleoptera 
((JAKIK), and Hyraenoplera (Gakin). The casting of the mid-gut epithelium 
wia also found by Kowalevsky in Corclhra, CStlx, and ChiTonmnus. 

[In this connection the niaru recent works of Rkkqkl (Xo, XXXVIL), 
MfiauHi! (No. SXXIV.}. and Kauawaiew (No. XXIV.) should he coo- 
autted.— Eu. ] 

The Tracheal System. 

The fact that tlio tracheal ajstcui undergoes important transforma- 
tion during metamorplioEis is demonstrated hy the entirely different 
form aaaunied by it in the larva, the pupa, and the imago. We have 
only to recall that the larva of the ifuscitlae breathe through a pair 
of stigmata at the |JOaIerior end of the body, the pupa through one 
occurring in the pro-thorax, while the imago poasesses six pairs of 
stigmata (situated on the meao-thorax, lu eta-thorax, and four abdominal 
segmentif). There is no doubt that in the larva and pupa the other 
stigmata are closed. The tracheal atrands connected with the latter, 
as well OS some other parta of the tracheal system, as pointed out by 
Wbismann, seem to function as imajj'inal discs for the regeneration of 
the tracheal matrix (Yas Eee9}, and a regeneration of this epithelium 
can also frequently be seen to proceed from simple division of the 
ceils. The disintegration of tlie degenerating parts of the tracheal 
system is accomplished under the influence of phagocytes in the way 
alreodj described. 

3 
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The NervooB System. 

The central parts of the nervous system pass directly over from 
the larva to the imago, although they undergo considerahle modifica- 
tions of form and position. At the same time certain histological 
changes, known as histolysis, are said by Weismann to take place in 
them, e.g., a disintegration and reconstruction of the tissues within 
the organs without disturbing their continuity. Recently, however, 
the term hystolysis has been applied to the disintegration of the 
tissues of the pupa generally. 

We have as yet little light on the question of the transformation 
of the peripheral nervous system. Although it must be considered 
probable that the destruction of the lar>'al muscles is accompanied 
to some extent by a degeneration of the motor nerves, this is not 
the case with the nerves that run to the extremities. These can 
be recognised in the larva in the form of ncr\'e-strands connectr 
ing the imaginal discs with the central nervous system. These 
strands, according to Van Kees, {xass over from the larva to the 
pupa and imago, so that, when the limb-rudiments develop further, 
only the distal parts of tlie nerves l)elonging to them appear as new 
formations. 

The Fat-body. 

The fat-body of the larva also is destroyed through the action 
of the phagocytes in the way descrilxid in connection with other 
tissues. Its reconstruction ap]>ears to proceed from the mesoderm 
of the imaginal discs. It is possible also that the accumulations 
of embryonic cells, assuuied by Sciiaffer to be formative centres, 
have to do with the regeneration of the fat-body. In any case it is 
to be derived from mesodermal tissue. Even though AViilowiej:<kt 
observed the origin of the fat-body in Corethra from a cell-layer 
lying beneath the hy]>odermis of the larva, such an obser>'ation does 
not necessarily support the view of Scuaffer, who thought he had 
convinced himself that, in Alusfa, the fat-body of the larva is 
derived (mrtly from the hyixxlermis and partly from the tracheal 
matrix, and thus from ecUxlermal tissue. 

The ultimate fkte of the Phagocytes. 

We have seen that the development of the imaginal oi^gans, in 
cases where these are not taken over direct into the pupa, always 
proceede<l from the imaginal discs. The phagocytes, the number 
of which increases greatly in the pui)a, do not (as was formerly 
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tlion^ht) tuke any direct share iii the bidldtng up of the tissue. 
Their sijjTiificance. seems to be that of dcBtroyers of the larval or(,'an3 
which are doomed to destruction ; tlie constituent parts of these 
orgniia are taken in and dijjested by them, and, through their 
capacity of locomotion, they conduct particles of nourishment to the 
organs that are in process of reconstruction. But ivhat is the fate 
of these elements after the ontogenetic processes in the pupa are 
completed! There can be no douht that some of the Bo-called 
granular cells develop into ordinary hlood-corpusclee. The m^ority 
«t them apparently undergo degeneration. The phagocytes them- 
selves are finally used as food for the iiewly-fornied tissues. Interest 
attaches here to the observation of Van Rees that many phagocytes 
finally wander into the newtj-formed hypt-dermis, and tliere, in the 
sjMcea between the hy]»dermal cells, un<Ier(;o degeneration. 

General consideratioiiB regaxdlns the deTelopment of the 
Imago in the Pupa. 
We have seen that the development of the body of the imugo 
proceeds from distinct formative centres (imaginal discs) already 
present in the larva, having appeareil during embryonic life. We 
have met witli such imaginal discs in connection with the different 
parts of the head, the limbs, the hypodemiis, and the various parts 
of the intestinal canal. We have seen that the development of the 
mesodermal organs of the imago (muscles, connective tissue, fat-body) 
proceeds from a mesodermal port of the imaginal discs, the tirst 
origin of which, however, is still somewhat oliscure, Simidtaneously 
with the building up of the imaginal oi^ans, we have the destruction 
of the larval organs through the action of the phagocytes. These 
two processes (disintegration and regeneration) go on aide by side in 
such a way that the continuity of the organ is in most cases perfectly 
proserved, complete disintegration of the larval tissue only occurring 
after the development of the ]>ermaneot organ. The musculature of 
the larva here forms an exception, as it undergoes disintegration very 

We must, in conclusion, once more point out that the shaq) 
distinction between the larval, the pui>al, and the ituaginal stages 
seems to bo founded only uj)on the a]>ptarance of the external 
surface of the body, as resulting from the consecutive moulte. The 
phenomena of internal development, on the contrary, represent a 
«omplel«, continuous series of transformations, which do not ahow 



any such abrujit changes. We can, however, in the main, distinguish, 
HCcoidiiig to the vital functions belonging to them, the forms of tlte 
larval, the pupal, and the iniaginal stages. 

in. Parthenogenesis, Faedogeneeis, Heterogeny. 

A caj.iacity for deve]>>]iiii^' unfortilifled egx^ iu a [iarthcuog«nelic 
manner has rei>enteiUy Ijcen nbsetved in the Insect*. Partheno- 
genesis may here be either occasional {e.ff., many I^pidoptrrm, 
Bomhyx, Liparit) or may be of normal occurrence, often recurring 
at fixed intervals in the ontogenetic cycle.* The males of the aocial 
Wasps and Bees, for instancfi, are produced from eggs that deTttk^ 
parthenogenetically. This is also the case iu the Antt, and ra 
Nemalw and other Tenlhreilinidae, wliile, in the Cyntjiidae, only 
females are produced from the parlhenogonctic eggs. In lli» 
Lepidoptera it ^eems to he the rule that females come from thv 
[larthenogenetic eggs. In Pityehe and Solenohia, for eismple, a 
succession of many parthenogenetic generations was observed, «lul^ 
males were only eieldom met with. The same is the case in Apatania 
among the Trichoplcra (Klafalek). Iu certain Cynipidae there ia 
a cyclic alternation of parthenogenetic females and male and female 
sexual forma of a different shape (true hetorogeny). Tlinie thn» 
develops, in the gnlls produced by a form known as Sjudhe/fodtr 
baeeanim, a gall-wa^p of different nha\ie called A'eurolmvs oetUricnUtriif 
of which only parthenogenetic females are known. The unf«rtUiaed 
eggs laid by Xturolenif, which develop in peculiarly shaped gaUi, 
give rise again to the sexual ^neration of Spatheyatler. 

With the possibility of attaining reproduction by means at un- 
fertilised eggB is connected the shifting bock of this process to aa 
early stage of development (jiaedogtnegu). Thus, occotding to 
GniMX, in one B)>ecies of Chirommue, the pupa lays eggt, whil* 
other Dipt«ra (CtHdoniTjia), even as larvae, arc ca|>ahle of reproducing 
themselves lutrthenogrneticaJIy and viviporously. Tlie jwrthano 
genetic reproduction of the Aphidae must also to some extant W 
regarded as pnedogenesis ; iu these Insects it may happen that thr 
embryo produced parthenogeuetically may in its turn : 
itself. 

The hetorogeny of the Phytophthirca weius to be founded A 

* [Inlliiiimniioctinn KcsiiiAfM [Xa XX.XV.) h*i recently inadcatcrfMOfat.. 
rul«x|>«rtm«nUourertiJii lje\'Vlo[>Xtr%,\ii., Bombyx, /Wtbn'n, uid LaarU. R» 
onlT nioocMltal In ilmiouitniUag llie |«rt)iiiiingeii»tiu (.tjodttioa iu BvnAift, In 
trliioh form two {wr evaU ot U>« UDrrrliliMd eggi (1100) ihoneil Kgiu«it»tiuti* 
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definite alternation of a ^neration of partheno^enctic females Tritli 
a normal generation of males and females, the latter generation 
Teproduciog the former hy means of it fertilised egg, these genera- 
tions being distinguished from each other by certain features in the 
structure of the body. In the Aphi'iae, the hibernating fertilised 
winteregge yield in spring a generation that reproduces itself 
parthenogenetically and viviparouely, and which is followed during 
the spring and summer hy a aeries of generations reproducing 
themselvcB in the same way, the individuals of which are often 
winged, but may also be wingless. This series is closed towards 
antunm by a generation known as tlie sexnpara, ilie parthenogenetic 
and viviparous descendants of which are, as a rule, winged males 
and wingleas females. After copulation has taken place, the female 
lays the fertilised winter-eggs, from which, in the next spring, the 
first generation capable of parthenogeuetic reproduction hatches. 
Under certain circunistanccs it, however, appears tbut single indi- 
viduals of the parthenogeuetic generations are able to hibernat«, 
and to give origin in the spring to a new parthenogeuetic series. 
In the same way, among other Phytophthirea, there ai'e often 
{utrallel series of cycles of generations <DRByFUBS, No. 137). 

A further complication in tlie cycle of developmvut or tlie Aiihiliat is liroDKht 
obotit in connection with frequent niiKration from ooe plant to another. 
\ (ringed partlienogenetiu guueration fr^ueiitly appura, >nd then niaf 
migrate to b dilferent plant, tliere to reproduce itself, and in a later geueratiou 
retunit to the original host. These wandering generations, the occnrrence of 
which was often pointed out by LicHTRSUTBiS, have been diatinguiahwJ as 
^mignmUa, alienicolae, and nmigranUi "by Blocbmabn (No. 135). In 
ftmpKigia Itrtbinlhi, for example, occoi'diug to Daiinfca, the fertilised egg 
givts riae to a wingless jHtrtJieaogenctie gcnerulinn (I.), which produces another 
winged generation [II., einigrantes). Thia generation leaves the place occupied 
up to this time and producea a third generation (III., reuiigrantea— sexupara), 
which, after hibernating, rotums to the original boat and jiroducva the aniall, 
moothleas, wingleas sexoul animals without intestine (IV., seiiialeB). Tha 
cjelg of generations in iVuijiAijrtu UrtbniClii ia interestiug because the sexual 
generatiou does not here oocur, oa it usually does, in the auttiniu, but in the 
spring, being )irodiiced by hibenuting parthenogenetic fomiB. 

Conditioas similar to those in the Apkidiie are found in the Chermetidiu, 
which have recently been much investigate'!. The chief distinction between 
the two is tbut liere the partbunogenetic, like the sexual generation, is also 
oTiparons. I[i I'kylloxeni querela, aceardiug to Lr'UTKNsteik, the winter-egga 
that are laid on pwmriu a>ce\ftTa gira risu to a mother auimal (/utwAMni), 
which produces partlienogenetioally a winged generation os|>al>lc of partheuo- 
{[metie reproduction (eniigrajiles) ; these wandei' over to the leaves of Qutreu* 
peduwatala and Q. puUicens. Several witiglcu generations (aliciiiooloc) now 
follow, which reprodnce inrthenogonetically. the return to Querela Goecj/'era 
Ining Anally made poasible by ths production of the winged Mxnpua. The 
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egg!) laid by the sexuf»ara here give rise to the wiugless sexual generation devoid 
of pruljoscis and intestinal camil, >vhieh lays the winter-eggs. In Phyllonrti 
vasUUriXf the young animals that develo]) out of the winter-eggs laid heneath 
the Inirk of the tnink wander to the root, there to give origin {tarthenn- 
genetically to several generations of wingless Phylloxera^ which cause the 
swellings on the root. The series of these generations closes by the production 
of winged sexui>ara, which wander u]> the trunk and swami. These fonns also 
are (tarthenogenetic. Their eggs, which vary in size acconling to the sex of 
the developing embryo, yield sexual animals devoid of proboscis, intestine, 
and wings, which produce the winter -eggs. Parallel series are intntrhiced 
into this cycle of generations also, e.g., the wingless Tetrancura, living on 
leaves which run jMirallel with the generations of Ehizobia, In the cycle of 
generations of the genus 6V<t/«it\s recently investigattnl by Blo<'HMANN (Xi»s. 
131 and 135), DuEVKrs.s (No. 137), &m\ Cholodkov.sky, similar conditions 
are found, but these are in some respects still very oliscure. In Chermr* oH^iUf. 
the fertilised egg gives rise to a wingless parthenogenetic female (fuudatrix, I.)» 
which hiliernates at the l»ase of the buds of the tir-tree and, by piercing the 
buds, deforms them into galN. From this generation is proiluceil a second 
(II.) consisting of winged |*arthenogenetic forms, some of which migrate to 
the larch an<t there give rise to a wingless generation (III.) which feeds on the 
needles and hil>ernates beneath the liark. These (tarthenogenetic alieuicolae, 
in the following 8i»ring (the second year of the cycle), produce the winged 
remignmtea (IV.) or sexuiKua, which ri'turn to the tir-treo and there produce 
the wingless female an«l male, the fertilisctl eggs of which give rise once more 
to a fundatrix (I.). This cycle a)so is accom|tani(.Hl by a parallel series of forms 
that do not emigrate to the larch, but remain on the fir-tree. 



IV. General OoiiBiderationB. 

It can hardly bo doubted that the Iiisects and the Myriopoda are 
very intimately related. If it is considered that the anatomical 
features possessed in common and the similarity in development 
(although, indeed, the ontogeny of the MyriojKxla is only partly 
known) are not suflioient to establish this relationship, great stress 
can 1k' laid on the pn'>en<e of transition-tyjK*?, such as the Symphyla 
(&*olopt'N(liplhi, Vi'^. ll»*J) and Thy.sanura (Campodea^ Fig. 193), 
which connect th«* two gnaips. It ha.s only to be pointed out hero 
that in the Thyi>anura, which are most intimately connected with 
the Orthoptera, w<* have, in the abi*ence of wings and in the presence 
i)f the sac-like j>n»trusible v«ntral sac, a recurrence of moq)hologicaI 
characters which, whiii- they arc wanting in the higher Insects^ 
are neverthele.-is f«aind in th»» MyriojMKla. On the other hand, the 
MyriojKMla are closely related to PertjKitutf, so that wo are justified 
in H'garding th«- (>nych<iph«'ra, the Myrioj>oda, and the Insecta as 
lM'h»nging to a i-in;:le phylelic ontogenetic series, which, through 
Prrijfutuif, is linkeil on t" the hyi>otheticaI racial form of the 
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Arthropoda (Prbtostraca) and, through the latter, to the Annelida 
(c/. Vol. ii., p. 315, and Vol. iii., p. 427). 

The Insecta represent the highest grade of development of this 
phyletic series. That they are more highly specialised than the 
Myriopoda can be seen in the sharper demarcation of the different 
regions of the body, the fixation of the number of body-segments, 
and the development of a new locomotory system, the wings. 

The marking-off of the three regions which can be distinguished 
in the body of the Insect (head, thorax, and abdomen) seems to 
be foreshadowed in the Myriopoda. Here also we find an anterior 
region, the head, sharply distinguished from 
the rest of the body. Further, of the 
trunk-segments that follow this region, the 
anterior (thoracic) segments may be dis- 
tinctly differentiated from those which 
follow (the abdominal region); thus, by 
way of example, we may recall the fact 
that in the Diplopoda the thoracic segments 
do not unite to form double segments, as 
is the case with the other trunk-segments. 
We have, however, already pointed out 
(p. 236) that the region here distinguished 
as the thorax cannot be entirely identified 
with the thorax of the Insecta, since, in 
the Diplopoda, a limbless segment is inter- 
calated between the three limb -bearing 
segments of the thorax (Fig. 121 B^ p. 235, 
and Fig. 122, p. 237), a modification not 
found in the Insecta. 

Although the division of the body into 
regions can also be recognised as indicated 

in the Myriopoda, it is much more distinctly marked in the Insecta. 
The boundary between the thorax and the abdomen especially is 
much more distinct. This is connected with the division of labour 
between the two regions. In the Insecta, the most important loco- 
motory organs are concentrated in the thoracic region. This has led 
to the greater rigidity of the thorax and the development of large 
masses of muscle, while the softer, more extensible abdominal region 
is the receptacle for almost all the vegetative organs. Into this region 
have shifted the most important parts of the intestinal canal and of 
the respiratory and circulatory systems, as well as the genital organs. 




Fio. 192. —ScolopendreUa im- 
maculata (after Latzkl, ftt>m 
Lako'8 Text-book). 
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It should l)C mentioned that the lK)iindary between the thoracic and abdominal 
regions is, in many Insect larvae, less sharply marked. This is counect^Kl with 
the fact that, in larvae, the thorax is frequently of less significance for the 
locomotion of the \t'lioIe body than in tlie imagines, either because loconiotory 
organs develop on the aMomen also {e.g., in caterpillars), or that such or>3n8 
arc altogether wanting on the thorax as well (maggot-shai^ed larvae). More 
careful examination, csitecially of the inner organs, ^^ill, however, reveal in 

these castas also ini])ortant differences l)etweeu the 
thonicic and the aUlominal segmenta. As we find 
that the seiiaratiun of the thorax from the aMomeD 
is very marked in the Tl)}'sanura, we may n>gan] it 
as a feature inherite<l long ago by the Insect phylum, 
and may consider the api>arent obliteration of these 
boundaries in certain larval forms as merely a second* 
ary phenomenon. 

The loss of extremities in the abdominal 
region is an ini|K)rtant feature which dis- 
tinguishes the Insecta from the Myriopo<1a. 
With reganl to the derivation of the Insecta 
from the latter group, or from fonns re- 
sembling the Myriopoila, the fact that the 
ruvliments of aUlominal extremities appear 
in the insect embryo and disappear later is 
of imiK)rtance (pp. 296-300). The ventral 
stylets found on the alxlomen in the Thysanura 
have rei>oateilly Im'cu reganled as vestiges of 
extremities, and this seems all the mure 
probable as, in Ma'-hiit\ these stylets actually 
function as lucc»mutory organs. Recently, 
however, foll(»wing Haase (No. 153), ami 
supix)rtevl by the occurrence of similar 
stylets on the coxae of the thoracic limbs 
of Machiliiff and on most of the limbs in 
Si'oJoifendreUa, znolo;,'ists have been inclinei! 
to reganl thes<? apjwndages merely as coxal .spurs (p. 299). On the 
first alHlominal segment of Camix/'fta, on the contrary, there is a 
true liml>-rudiment. 

Whil<», in the MyrioiKxla, the number of the Ixnly-segments varies 
greatly in the dilfcrent genera and sjx'cies, the numlwr seems to ho 
lixe<l and universiilly prevalent in iht* Insrcla. The thorax is always 
comiK)84Hl of three segments, each of which carries a |>air of legs 
(a fact which gave rise to the name of HcxaiMxla). In the same 
way it seems to Ik* ch'arly establishc<l by nntf>gcny that the alxlominal 
region is tmivcrsally comi)ose(l of ten trunk-segments and one 8ul>- 
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sequent anal scgnieut (telaoti). Greater difiiculty atieea in reckoning 
the number of segmenta which liave been drawn into the fonnation 
of the head. Three maxilhiry eegments (a mandibular and a first 
and second maxillary segment) here combine with an anterior primary 
cephalic section. The segmentation oi the brain leads us to suppose 
that the latter is composed of three eegmeuta (p. 325), while between 
this section Hud the mandibular eegment a vestigial so-called 
pTe-moxillary segment seems to be intercalated. In reckoning the 
segments here, however, we are on somewhat hypothetical ground. 
It may be mentioned that the antennne belong to the second brain- 
segment, and, by their originally j>ostroral position, as well as by 
their relation to the coelomic sacs belonging to that segment (in 
Orthoptera, p. 295), in all respects resemble true trunk-limbs. This 
is in entire agreement with what lias been learnt of these limbs in 
connection with Perlpatut and the Slyriopoda. 

One of the njost interesting questions in the phylogeny of the 
Insecta is that of the rise of the wings. The rudiments of the wings 
appear on the meso- and meta-thorax as dorsal iutegumentol out- 
growths, the inner cavities of which receive later the tracheal 
ramifications. It is an interesting fact that similar lateral fold-like 
widenings of the dorsal plates, which recall the first rudiments of 
wings, also occur on the pro-thorax {MachHts and Blatfn). These 
are most clearly visible on the larvae of CaloUrmen (Fig. 194, 
F. MtLLKii, No. 158), in the youngest stages of which outgrowths 
of tlie pro-lhorax and meso-thorax are first evident, these being 
originally devoid of tracheae. While the anterior pair of these 
outgrowths degenerates, the posterior |«ir is supplied with tracheae, 
and is thus transformed into the rudiment of the fore-wing, the 
rudiment of the hind-wing appearing simultaneously on the meta- 
thorax. The great similarity in position and structure between the 
wing-rudiments and the leaf -shaped tracheal gills, as found on the 
abdominal segments of the Ephemerid larvae (Fig, 177, A', p, 358), 
has led to many attempts to consider them as honiodynamous 
structures. Tliis view, which was adopted by Gsgenbacik and 
LCBBOCK (No. 156), Las recently also received the support of 
Ebdtbhbacbbr (No. 165). F. MCllkii, who also supports the 
above, is inclined to hold that the original function of the wings 
was respiratory. This view, which eeems well supported by the 
structure of the wing-rudiments, within which are found blood- 
Bpacee and tracheal ramifications, involves the assumption that tlie 
winged Insects are derived from an aquatic form. The phyletic series 
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mentioned alx)vc, leading from Peripaius through the Myriopoda and 
Thysanura to the Orthoptera, contains throughout only forms liviog 
on land and adapted for terrestrial life. We have no reason for 
assuming that an aquatic ancestral form has been introduced into 
the series of ancestors of the winged Insecta (Pterygogcnea). The 
manner of life of the aquatic larval forms of the Hemimetabola, 
as well as their respiratory organs, which are suite<l to life in water, 
must be regarded as secondarily acquired. For the same reasons 
wo cannot adopt tlie view of Dohrn, who, going still further back 
in the phyletic series, is inclined to refer the tracheal gills of the 

Ephemerid larvae as well as the wing- 
rudiments to the elytra of the Anne- 
lidan ancestors of the Insecta (Dohrn, 
the Pantopoda). It must be ]X)inted 
out that, in PerijKUtis, as well as in the 
Myriopoda, corresponding integumental 
folds are altogether wanting. We 
therefore consider that Grassi (Xo. 
150) is justilieil in regarding these 
organs as new acquisitions by the 
Insectan phylum, and in tracing them 
back to integumental outgrowths of the 
lateral margins of the tergal plates that 
have been constricted off and have 
become independent, the wing-muscu- 
lature l>eing derived from the system 
of dorso-ventral muscles, which is also 
represented in the other segments of 
the IxKly. We may i>erhai>s assume 
that the transition from the creeping method of locomotion to flight 
was made tlirough the ac<juisition of a climbing habit, in which 
distancos w«)uld occasionally be overcome by springing, a circum- 
Htance whiih gave rise to the development of parachute -like 
widcningH of the thoracic segments. The transition from such 
inti'gumentnl folds, useil as a ])arachute but still immovable, to 
indi-])ondent active locomotory organs seems to ua fairly plausible. 
It !:< perhaps not without significance that the capacity for rising 
al»ovc tlif surface on wliich they rest is common among the 
Tliys^nnura, the Collembola, and the Orthoptera, and that in the 
lattor (e.'j,f in Paophiu striduliut) the wings are scarcely used other- 
wiAK- than as i>ara(hutes. The limitation of wings to the meso- and 
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meta-thorax may be connected with the position of the centre of 
equilibrium of the body. We agree witli Brauer (No. 146) in 
considering the wingless condition as a primary characteristic only 
in the Apterygogenea, whereas in those wingless orders of Insects 
(the Mallophaga, Siphonaptera, etc.) which are placed with the 
Pterygogenea it must be regarded as secondarily acquired. 

The segmental arrangement of the tracheal stigmata should be 
noted. It appears that originally a pair of stigniata occurred on 
each of the three thoracic segments, as well as the eight following 
abdominal segments, at least, the respiratory system of the Thysanura, 
as investigated by Grassi and Haase, is favourable to such an 
assumption. In most Insecta, however, the number of thoracic 
stigmata is reduced. There does not appear to be a true pair of 
stigmata in the head. We have already given the reasons (pp. 323 
and 335) why neither the endoskeletal invaginations of the head nor 
the salivary glands can be regarded as homodynamous with the 
tracheal invaginations. It should, however, be mentioned, on the 
other hand, that the presence of a pair of stigmata belonging to 
the head has been maintained in Scolopendrella (Haase) and in 
Sminthunis (Lubbock). 

We have still to mention the compound eyes {facet-eyen) as one of 
the features which raise the Insecta to a higher level than the 
Myriopoda. The most primitive form of eye in the Insecta is 
evidently represented by the ocellus (Fig. 165, p. 332), the structure 
of which, according to Grenacher (No. 151), may still, in a few 
cases, be traced back direct to the simple cup-shaped eye, while, 
in other cases, through the development of a vitreous body-layer 
(lentigen layer), it becomes a bilaminar complicated eye (Fig. 164 D^ 
p. 331). We shall hardly err in deriving the Insectan ocellus direct 
from the cup-shaped eyes of the Annelida (Kennel, No. 154). The 
compound eye, on the contrary, appears to correspond to an accumu- 
lation of ocelli, in which the number of ocelli has been increased 
while the single ommatidia have sunk to a lower level of functional 
capacity. We have already seen (p. 242) that, in the Myriojxxla, an 
almost complete series of transitions is to be found between the 
aggregations of ocelli and the true facet-eyes. We shall therefore 
be justified in assuming this derivation as highly probable for the 
facet-eyes of the Insecta. For the relation of the facet- eye to 
the ocelli of the same animal, cf. p. 333. Bearing in mind the 
fact that Machilia already possesses facet-eyes, we must regard 
the latter as a somewhat ancient acquisition among the ancestors 
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of the Insccta, and shall feel inclined to regaul the absence of the 
facet -eye (whether in larvae or in imagines) as the result of 
degeneration. 

We must, in conclusion, iwint out a few more important factors in 
the embryonic development of the Insecta. The first of these is the 
development of the embryonic envelo^xis, the acquisition of which 
(like the development of flying) proves the Insecta to l)e the most 
highly devel()|)ed of all Arthropoils. It therefore seems remarkable 
that the Insecta in other res|>ect8, especially with regard to the way 
in which the germ-layers form, have retained very primitive char- 
acters. The long blastopore which extends over the whole of the 
ventral side, the presence of a distinct invagination-gastnda which 
leads to the development of an archenteric tube, and the manner in 
which the mesoilenn sej^rates from the entoderm must here be 
mentioned in this connection. AVith reganl to the last |K>int, it 
should be mentioned that the separation of the mesoilenn from the 
entoderm is accomplished by a process which can be traced back io 
that of infolding, so that Kowalevskv (No. 49) (juite correctly 
com])arfd the formation of the genn-layers in the Insecta witli their 
formation in Satjiffd, a proceeding in which he was afterwanls 
8up|K)rted by Kabl. The coelomic sacs of the Insecta may thus, 
according to their development, be rci^arded as archenteric diverticula. 
Another point of interest is the transformation undergone in later 
stiiges by the primitive segments, which were treated in detail in the 
chapter on the development of the heart and the genital organs. 
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CHAPTER XXVIII. 

GENERAL CONSIDERATIONS ON THE 

ARTHROPODA. 

Ik reviewing once more the ontogeny of the various divisions of the 
Arthropoda, we are specially struck by the unifonnity of character 
found among them. In the constitution of the eggs in the cleavage, 
the method of formation of the germ-layers and the shape of the 
embryo, there are so many points of resemblance that we are justified 
by ontogeny in regarding the Arthropoda as phyletically distinct, 
».€., as forming a natural group, even though, as will be shown below, 
the common stock divides near its root and gives rise to three great 
branches known to us under the names of the Crustacea, the Arach- 
nida and the Myriopoda-Insecta.* 

The eggs of the Arthropoila are as a nile distinguished by the 
large quantiii/ of yolk contained in them, and the equal distribution 
of the latter (centrolecithal eggs of the Arthropoda). The typical 
method of cleavage in the Arthropoda is a superficial one, which has 
developed from total and equal cleavage, as may be seen from the 
ontogeny of various Crustacea.! We also see that the Arthropodan 
eggs, in those cases in which the food-yolk has secondarily degenerated, 
undergo total cleavage (Clacodera, Peripatua Edwardsii^X parasitic 
Insects). In other cases the total cleavage perhaps still represents 
a primitive condition, e.g., in Branchipus, In a few Arthropoda, 
the egg appears to be telolecithal, and the cleavage is at first 
restricted to only a small part of the egg (e.g., in Mysis, Cuma, 
some Isopoda, and the Scorpiones). This apparently different method 
of cleavage is, however, to be traced back to superficial cleavage. 

• [See Natural SdencCy Vol. x. " Are the Arthropoda a Natural Group ? " — Ed.] 
t The statements in this chapter are based upon the facts already given in 

connection with the different uivisious of the Arthroixnia. The reader must 

refer for these to the preceding chapters. 
t [See footnote, p. 165. — Ed.] 
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Superficial cleavage, as a rule, occurs only in the Art]iro|»«Kla. 
Where other fonns, e.g.^ Eefiilla, Clavulana (Vol. i., p. 76) show a 
similar method in the first stages, this does not load to the Siimc 
residts as typical superficial cleavage, viz., to a unilaminar blastoderm 
covering the whole surface of the egg with a unifonn layer and an 
accumulation of food-yolk filling the cleavage-cavity.* 

The formation of the germ-layerB is introduced by gastrulation, 
which, in many cases, is of the invagiuatiou-type (Moina, Luei/tr^ 
Aiftacu*^ PerijHjUus, Hydrophilud), in others, on the contrary, gastru- 
lation is replaced by a solid ingrowth of cells (Ligia^ Limnlu*^ 
Scorpiones, Araneae, Myriopoda). The i>osition of the blastopore 
varies in the different grou|)s. As a rule, the blastopore corrcs{K»nd0 
to the ventral side of the body. 

In Peripatuif and the Insecta, the Ma.stoi)ore is an exceedingly long 
slit, the anterior end of which corri*siK)nds in jx^sition to the mouth, 
and the posterior end to the anus (Figs. 00, 134, and 145). In the 
Crustacea, on the contrary, the blastopore is said to ])elong to the 
IK)sterior end of the genu-l)and, and to correspond more or less in 
l)osition with the later anal ai)erture. The accounts given of the 
Arachnida seem to indicate that, in position, the blastojiore may 
be related to the anus. 

The act of gastrulation leads to the breaking up of the common 
rudiment of the entoderm and the niesoilerm. The rudiment of the 
mesoderm in the Arthropoda is always multicellular, except perha])8 
in a few quite isolated cases, such a!$ Ceiochiliu*. In the Insecta, the 
formation of the mesoderm may Ije traced back to a folding of the 
lateral diverticula of the archenterou (Figs. 154 and 155, p. 314). 
The processes that take place in Peripatu« may |>erhai)S be interi)rete4l 
in the same way, although in this form we are inclined t<) assume, 
in agreement with the Annelida, the devek»pment of two mesoderm- 
baiids advancing from l)ehind forwaril through the multiplication of 
ci'lls. Till* facts as yet known of Ptrijnitua seem rather to support 
this last view. The ((uestion whether the condition found in the 
Insecta (i.e., the rise of the mesoderm from the archentertai through 
folding) representjj a primitive or a derived condition, is connecttnl 
witii the as yet unsolved problem of tiie first (phylogenetic) rise of 
the meso<lerm. 

In the Crustacea, the mes<Klorm ari^es in the form of a growth at 
the lips of tiie blastopore. The >anie is mo»t probably the case in 

* I Fur .1 ei>n)i»arisuii of tlio cU'iiv,ig«' a\\*\ (mi iii.itiuii of the gi'rm-Uyera in x\\t 
ArthruiH>J.i, mc Wai^NEK (No. X.). — Vak] 



THE ARTHHOPODA. 413 

the Arathnida. In tlie latter, tbe iiieBoderm runs forward from the 
lioiut of origin in the form of two bands (meaoderm-hauds) on either 
side of the midiUe line. Tliese two bands are also found in 
ferijiahu, the Myriopodn, and the Insenta, as well as apparently 
in the Fantopoda, while, in the Crustacea, the arrangement of the 
meaoderni is less regular. Some Crustacea, however (Bmnehlptis, 
Ci/mothor), show a similar regular form of meaodorm-rudiment. 

The paired nidimcnt of the mesoderm breaks up into segmental 
divisions in a somewhat similar way in all Arlhropmla. These 
divisions are the primitive segments (mesodermal somites), which 
Dither become hollow, and are then known as coelomic sacs, or are 
not thiiB modified, but soon break up into mesenchymatous tifsuo. 
This latter is the case in most Crustacea, in which coelomic sacs are 
rarely to bo found, but the former condition occurs in the Xiphosura, 
Arachnida, Pantopoda, Onychophora, Myriopoila, and Inaecta. 

Although the primitive segments have as a rule a very similar fate, 
and undergo similar mmlificatious in all Arthroixida, certain differ- 
ences are to be found in the various classes in the size attained by 
them, and in the time at which theic further differentiation begins. 
The most primitive condition ts exhibited in Peripatas, in which the 
primitive segments in their large size resemble those of the Annelida 
(Fig. 100, i>. 200). The Myriopoda and the Orthoptera follow next 
in the conspicuous development of the primitive aegmenta within 
the genu-band (Figs. 168 and 169 A, \\ 343), while in the other 
Insecta the coelomic sacs are from the first small, a considerable part 
of the mesoderm being, as a rule, excluded from participation in the 
formation of these sacs (Fi^'. 158, p. 321). In the Crustacea, the 
development of the coelomic sacs is aEuiost entirely suppressed. The 
Arachnida, on the coutrarj-, whicli in many other respects appear as 
a modified group, are distinguished by the fact that in them the 
coelomic sues are unusually large, and even in the later stages of 
embryonic development (at the timo when the heart is fanning) 
extend almost to the dorsal iinJdle line (Fig. 45 a.\v\ 46, p. 88). 

The appearance and further development of the organs in the 
different groups of the ArthropciJa .^huiv nimarkablo and important 
agreement 

In the case of tlie nervous system it has been proved that on 
invaginate middle strand and two lateral strands almost universally 
take part in the formation of the ventral chain of ganglia. The 
fibrous substance apgjcars on the inner surface of the ganglionic rudi- 
ments, and ia only later taken into the latter, a piocesa which must 
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be rognnlctl as Bpccially primitive, niiJ is to bo found takin),' plocv in 
a somewhat similar maimer in all the Tfirioud groups. 

'\\'hi]c the formntion of the chniii of ^'aiigliii takes j>lai:e, an ix rule, 
by a jirorcsa of dekmination from teiniwnirj' eitodeniial gnu-ves 
whieh afterwania vanish, pcnuaiient invaginations oceur wliieh take 
l^art in the formation of the hraiii, Icntliiig no doubt chiefly to tliv 
fonuation of the optic gnuglia. The a)>i)e.irancc of theee more or h-KK 
extensive deprcssioiis, known as cephalic pits, is si>ccially (■hara<:toT- 
istic of the various divisions of the Arthropodn {Perifotui/, tht- 
Myriopoda, the Inscctu, Limulw, llie Arachnida). In Perijitifw, 
indeed, another si},iiificance has been attril)Utcil to these dejirewii nm, 
and it is doubtful wliether they partiiipate in the formation of the 
brnio. Tht; dcprcssioDs in Uie cephalic region in Peripalm oorrvs- 
pond to xiniilar pit-like invaginntion^' arranged in pairs wliich 
recur in each of 
the trunk ■ sej; ■ 
nienl«. I'he na- 
ture of thesi- 
remarkable »tnH-- 
turcs, which an' 
very chiinu:t«ri«- 
tic of Perifatu*. 
has not >'et tieen 
estahlishctt, but 
similar dcpr«<- 
sions liavc Ix'cn 
described in lh>- 
Myrio|>odB and 
the I'antojKMla. 
The devirlopmcnt of the em may ]« cloficly connected with the 
cephalic pita Just mentioned whiih, as it npi>ears, chiefly give ri^ 
to the funiiatioii of thi! ojitic ganglia (iSeorpiones, Aroncae). How- 
ever much the jK'rnianent Arthropod lycs vary with regard to sitructute, 
they may, in the lirst instance, be traced hack to j)it-like ilepressjonn 
of the ectodenii, anil in explaining them we must start from «uch 
siiii)>le eyes itst those occurring in the larvae i>f Insects and in many 
Myriopoila. Thia simplest fonii of Arthro[>ndan eye, the oct^lIuK 
{Fig. I'jri), consi^ts of n ilepreesion of the liypudcmiis, the cells of 
whii.'h have heuomc ditrcrentiatetl iiit" the so-called vitreous boily 
{'jt), and rctin.ll cells (rl), secn-ting miI». The iinilaminur chamcter 
of the hyptxlcrniis has, however, lieen retainal in this simple eye, to 
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that it a]>iH3arB i 



continuation of the hypodemial kyer 



{Fig. 195, hi/p, gl, rt). Over the eyo ties the lens which has a: 
by the thickening of the outer chitiiiouB covering of the body, and ia 
secreted by the hypwlermis (lentigen or vitreous body-layer). From 
auch a siuiply constructed eye we have to derive the complicated 
eye« found among the Arthropoda, but in so doing we must dis- 
tinguish sharply between the various phyletic ontogenetic series of 
the Arthropoda, und we must remeiulier that it is not possible to 
regard aa directly related one to another tlie various forms of com- 
pound eyes found in the separate divisions such ae the Crustacea and 
the Insocta, although the eyes in these groups are very similar in 
structure. 




Ml.— Three otnmaUillii at tbo lateral tyv at i,iHiiliu (slUr WtiAn), In , 
■DpiHMHl to be cut IhroQgh iimdUiiljr, Id It ud C It Is roUinpl wbole. r. ooiilnl gBiiBlliin' 
caUs; f^h. chlfliionH CQTQrinj;^ h-gp, hypodmnlji; 1, lenticular Aphflrc; mu, iiidoditnuitl 
tluiwi R. netra; rk. rbubdomi rt. ntianlE. 

It nuy appear at liret sight unmuonabie not to regard the pompnund eyea of 
the Cruitaceii and thu lD«eutA, wbkli are so reiuarkably aiiailar iu orguiiuciou, 
u directly related one tn the other, but when the phylogenetic cnurae of develop- 
ment of the two divisionB is takeuialo»ccomitweBh»Il have to take up this position. 
It CBu only be assuiiicit that the developmeut of compound eyes ia » cbumcter of 
the Artbro[ioilau organiHatioD, and that it takes place in the different divisious 
<CruBtaoM, ArauLsida, MyriojiodB, mid Iriaecta) independently, and yet nuy 
lead, as in the Cruslat^ea atid the Insects, to ahtjost tlie same result. 

The eyes of Perijiatut differ altogether in structure from those of 
other Arthropods. Tlic eyes of tliis form also, indeed, originate as 
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depressiona, which, however, uloac to form vesicles and become 
«ci>arated from the hypodcmiis. Tlie leos ia secreted within the 
optic vesicle. The 
eyes of Periftaiui' 
thue, in tlieir onto- 
geny, pass througli 
the stage of the sim- 
plest Arthropod 
eye, but then ride 
to a higher level 
than that attained 
by the latter, and 
can far better be 
coniiMtred with the 
higher fnmia of 
eye found in the 
Annelida. In any 
case, we do not 
recognise in them 
the Arthropodan 
tyi>e of eye. 

The faeet-ege* 
of the Insectft 
must l>e r^anled 
OS arising from a 
massing together 
of simple ocelli in 
tlic way already 
indii-nted in the 
Myrioi>oda. Tlie 
latter group, in 
the aimpleat case*, 
have only a few 
ocelli on each 
side {Seolojvn'Ira 
four), but their 
nuiiilwr may in- 
creawr {LHhohiu*. 
Juluf, thirty to 
sonic forms (Snttigera) there may even I* 




■pt.-sL..ii of Ih. liyio.!.™l.. DTriarmuU 
tiiirhinilliT'qrii-aim'Ifjeiitan .tuipiapwl (ralOr. 
WiniuX r.eeiitml r«ll;rl^, fklUnoiu C"f<!rlU|: 
h.bjriioWiiil-; 1, rcy^ixllin* c-iM 

' , liiiil^ii cell*; m, ri-rie; rli, rbabdi 



f..rty on c 



-h Hide), and 
:;00 ocelli (J 



I each side, which, by their close approxima- 
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tion, recall the appearance of facet-eyes, although a group of eyes does 
not possess the true structure of the latter. Each ocellus in this way 
becomes a single ommatidium of the facet-eye. The diminution in 
number of its elements which it then undergoes, and the simultaneous 
formation of the rhabdoms are consequences of the subordination 
and loss of individuality of the originally distinct single eyes on 
becoming merged in the complex eye, of which organ they now form 
a part. 

Attempts have been made to trace back the facet-eye to the more 
primitive form from which it originated, by regarding the ommatidia 
which, according to the view mentioned above, were derived from 
single ocelli, as sim- 

a. 



c. 




J3. 





pie hypodermal de- 
pressions which, in 
consequence of the 
length of the omma- 
tidia, became very 
deep (Fig. 197 D). 
In making such an 
attempt to explain 
the structure of the 
ommatidia it is best 
to start from a de- 
pression of the 
hypodermis which 
corresponds to a 
simplified ocellus 
(Fig. 197 A), As 
the depression 

deepens and, instead of rods, rhabdoms begin to form in the retinal 
cells, this eye reaches a grade of development (Fig. 197 B) essentially 
equivalent to that of an ommatidium in the lateral eyes of Limulus 
(Fig. 196). The lateral eye of Limtdus is composed of a number of 
single eyes formed of only a few cells (Fig. 196). These unilaminar 
eyes are quite continuous with the hypodermis, but already show 
rhabdom- formation (Fig. 196 A, rh). It is indeed not certain 
whether the eyes of Limulus should really be regarded as primitive 
eyes, or as degenerate forms of the compound eye ; in any case, 
however, we can imagine that the higher facet-eyes passed through 
a similar stage (Fig. 197 B). 

When the depression deepens, another series of hypodermal cells 

2 K 



Fio. 19S.— Diagrams llluttrating compound eyes in longi. 
tudinal section. A^ Limulus; /J, a lan'a of Jgrion; C, 
Bnmehipns (after Watase). The thick black line represents 

Kthe hypodermis, and each of the depressions formed in it 
represents an ommatidium. 
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may be drawn into the formation of the eye (Fig. 197 C), these 
representing the crystalline cone-cells (kz) of the ommatidium. A 
series of lentigen cells may also l)e utilised in the formation of the 
eye (Fig. 197 C, Lg). The further deeiKJuing of the optic pit, and 
the great lengthening of the cells lead linnlly to the form of the 
ommatidium (Fig. 197 Z>). The hyixxlermal cells, the lentigen cells; 
the crystalline cone-cells, and the retinal cells thus appear as a uni- 
laminar layer of long cells |)enetrating far down, and having the same 
arrangement as in the simple ocellus (Fig. 195). The lumen here, 
however, is not open as in the ocellus, but filled by the mass of the 
crystalline cone and rhabdoms, but this does not constitute an 
essential difference between the two eyes. The grouping together in 
larger or smaller numbers of these single eyes which arise as siniph* 
depressions of tlie hypodermis is elucidated by Fig. 198, which at the 
same time represents the arrangement oi the ommatidia on a convex 
base usual in most facet-eyes, and determined by the functional re- 
quirements of the eye. 

The method of coni])OMitiou of the facet -eye here (lescril>ed is essentiAlIy in 
keeping with the view long ago maintained hy (Suenacher. This author 
Htarts from a Him pie eye consisting of few elements, such as is representetl hy 
an onmiatidinm of an acone facet-eye of tht* Ti/'ulidtic^ an<l derives the fuo-t- 
eye through the increase in Duml)er of these eyes, and the ocellus through the 
multiplication of the elements with the retention of the single lens. In th<* 
Hiniple eye, which here forms the starting-jMaut, wt* have an ocellus of siwrially 
simple structure. 

It has already l)een stated that the rompound eye of the Cru$i€urea 
must l)e reganled as belonging to another ontogenetic series. It will 
therefore not l)e a matter of surprise to find that it deviates in many 
ways from the above in its development. The character of lh«» 
com])Ound eye is, in the Crustacea, always preserved. In some cases, 
ejj.f in the Iso]Kxla, it might api>ear as if we had before us transition 
stages Wtween the simple and the compound eye, but it is more 
than prolmble that, in this branch of the Crustacea, we have to do 
merely with a simplified form of the facet eye. 

This view of the IsoiK^lan eye was ad(»pted long ago l»y GuENArHBit, who 
attempte<i to solve the question us to how tlie very simple eye of the Isoj^xla 
waM related to other ArthrojHxian eyes, hy maintaining that the former wai* 
to he n'ganletl as a comjiound eye in conwMpKUct' of its {lossessiug a douMi* 
crystalline <;one and a retinulu forming rhaUlonis and divided into sereu |«rtjt. 
It cannot therefore l>e doubted that, in the Iso|>rr<lan i-ye, which ii uot unlike 
a group of single eyes, wc have a secondary form, and tliis is in ittielf ver>' 
pmltahle, inasmuch tm the Iso]>04la are, in many re«i|ii-cts, a highly nioditinl 
giiiup of the OuKtucea. A degeneration of th»' fiic<'t-eye, which waa originally 
Atalkcd in the Mulacostraca, has taken place in any case in this order. 
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We have no indication of the manner in which the facet-eye has 
arisen in the series of the Crustacea. None the less must we 
consider that this eye, which closely resembles the facet- eyes of 
the Insecta, arose in the same way as the latter. Any deviations 
that may occur, such as the presence of another cell-layer in the 
,ommatidium (Fig. 197 Z>, lg)j are to be explained simply by the 
inclusion of another row of cells in the hypodermal depression, as 
already shown. 

The structure, development, and relations of the unpaired median 
-eyes in the Crustacea are still little understood. It has recently 
been asserted that they arise by inversion (Claus, No. 3), and since 
this method of formation is characteristic of some of the eyes 
found in Limulus and the Arachnida, relations between the median 
Crustacean eye and the median eye of Limvlvs and the Scorpiones, 
as well as the so-called principal eyes of the Araneae, are suggested. 

The eyes of the Arachnida belong to a third ontogenetic series. 
They have only one lens, and are thus devoid of the characteristic 
feature of facet-eyes, but in the eyes of Scorpio we find a grouping 
of the cells into retinulae and the formation of rhabdoms within 
these latter, and in this respect they may claim to be compound 
«yes. We considered ourselves justified in explaining the common 
lens as having arisen by the flowing together of distinct corneal 
lenses (p. 71, etc.), and find in the lateral eyes of Liinultis, which 
also show rhabdom- formation, an indication of such a fusing of. 
the lenses. We tried further to show it to be probable that the 
€yes of the Araneae, which in their present form appear to be simple 
«yes, are to be derived from compound eyes, this origin being still 
indicated in their development and their structure. It is highly 
probable also that the compound eyes of the Arachnida, like those 
of the Insecta, arose through the accumulation of simple hypodermal 
depressions resembling ocelli. 

When we turn to the ontogenetic formation of the Arthropod 
«yes, we find that the simple forms arise as pit-like depressions of 
the ectoderm. In the higher forms, i.e., in the compound eyes, 
this primitive method of formation is obliterated. The single eyes 
here arise merely through the differentiation of a cell-layer without 
special depressions. Wliere such a depression is found in the 
development of a compound eye, it leads to the formation of the 
€ye as one whole. In this last process, as in the differentiation of 
the single eyes out of a multilaminar cell-layer, we have secondary 
phenomena representing a simplified method of formation of the 
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compound eye. It should also be noted that the ontogeny of 
the Arthropod eye is as yet not satisfactorily explained. 

The respiratory organs of the Arthropoda must be dealt with 
separately, according to the different phylogenetic series into which 
they are to be divided. Since we derive the ArthroiKxia from forms 
which live in water, it appears to us that the most primitive form of 
respiratory organ must have ]>een a tubular or leaf -like outgrowth 
of the Ixxly-surface. Such a sinij^le form of respiratory organ is 
found in the gills met with as branchial tubes in the Annelida and 
Crustacea. These branchial structures appear, as a rule, as append- 
ages of the extremities. The gills of LimuJus are also leaf-like 
ap]>endages of the alxlominal limbs. From these wo have to derive 
the lung-sacs of the Arachnida (Scorpiones, Araneae), a fact indicated 
by the method of development of these latter. In the transformation 
of gills into lungs we recognise an adaptation to life on land. When 
this adaptation goes further, it leads to the development of unbranched 
tracheal tufts (Araneae) which finally ramify in a dendriform manner 
and develop a spiral filament (Pseudoscorpiones, Solifugae). In this 
way is attained the same tyi>e of tracheal system as is pnxluced in 
different manner in other groups of Arthropods otherwise ver}* far 
rtMuoved from the above, viz., PeripatuA^ the MyrioiKxia, and the 
Jnsecta. In the forms which were the starting-point of this last 
series, the tracheae appeared as depressions of the Ixxly-surface, which 
at first were im»gularly distributed over the Ixxiy {PeripaiusX but 
later attained to defmite si'gmental arrangement. The tracheae in 
the MyrioiHxla and the Insecta arose as such segmentolly-arrangeil 
depressions. The branches of the tracheal system are formwl by the 
splitting and branching of the original invaginations. In the Insecta 
these tracheal rudiments aj^pear very early, in the MyrioiMxla, on the 
contrary, much later, and, as Peripatus in this way resembles the 
Myrioi>o*la, this late appearance of the tracheal rudiments has been 
re^'arded as an indication of their having been recently aajuirtnl. 
The similarity in structure between the tracheae of the Arachnida 
antl those of the Myrioj^Kla and Insecta is remarkable. The presence 
of the spiral filament in these two forms of tracheae, which must be 
reganled as having aris«Mi independently in the two groujw, is speciidly 
striking, but this feature loses ita value as an indicaticm of a common 
origin when it is seen that such a spiral thread also occurs in other 
tulKJs linetl )>y a chitiiious intima, e.;;., the efferent ducts of glands 
(salivary and spinning glands of the Insecta) and the vas deferens of 
the CythtritfiWy p. 33")). 
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The so-called closed tracheal system of many aquatic larvae, e.^., 
those of the Epheineridae^ as well as the tracheal gills connected 
with it, are to be regarded as a form of respiratory organ secondarily 
acquired in adaptation to life in water. 

The fore- and hind-guts arise in the Arthropoda as ectodermal 
invaginations, the stomodaeum and the proctodaeum. The excretory 
tubes known as Malpighian vessels found in the Myriopoda and 
Insecta are diverticula of the proctodaeum. The same name is 
given to similar blind tubular appendages of the intestine in the 
Arachnida, but, since ontogeny makes it probable that the latter 
belong to the enteron and are thus not of ectodermal but of ento- 
dermal nature, they ought not to be homologised with the Malpighian 
vessels. Tubular appendages similar in structure and function are, 
on the other hand, found at the end of the enteron in the Crustacea 
(Amphipoda), but these most probably must be regarded merely as 
analogous structures. 

The phylogeuetic ongin of the Malpighian vessels is still obscure. It has 
been thought that they might be true nephridia, which have become connected 
with the proctodaeum, since structures resembling the nephridia are in some 
Annelids found connected with the intestine (Nos. 2 and 9). In one case, 
that of tlie Megascolides examined by SrENcER, these glandular tubes, 
which in structure are extraordinarily like nephridia, are, indeed, connected 
with the stomodaeum, while, in AcanthodriltiSj Beddakd found similar struc- 
tures connected with the proctodaeum. Just as, in Peripatus^ nephridia have 
been found drawn into the buccal cavity as salivary glands, so we might sup][)ose 
nephridia drawn into the proctodaeum, a process which is perhaps more probable 
a priorit\\9L\\ the former, since the nephridia in this case retain their original 
function. Against such a view we have the ectodermal or ento<lermal origin 
of these excretory tubes, and this is of all the greater weight since, according to 
recent researches, the nephridia arise altogether from the mesoderm, and it 
would therefore be impossible to imagine a peraistence and a specially strong 
development of the ectodeniial portion simultaneously with a complete degenera- 
tion of the mesodermal (inner) section.* 

The formation of excretory tul>es starting from the intestine, such as has been 
observed in the AmpbiiK>da, is a noteworthy indication of the fact that parts of 
the intestine are caj>able of taking over the function fonuerly carried on by the 
nephridia. Even in the Nauplitis we find a part of the intestine utilised for 
excretion, the cells filled with urinary concretion forming slight swellings 
(Vol. ii., Fig. 89, rf«, p. 191). When these i)arts are transformed into caeca or 
lengthen out like tubes, we have the excretoiy tubes of the Amphipoda 
(eventually also of the Arachnida) or the Malpighian vessels of the MyrioiKxla 
and Insecta, according as, in each case, the process takes place in the enteron or 

* [Some recent observers (Goodrich, Qimrt. Jouni. Micro. ScL, Vol. XXXVII., 
1895, and Meiksenhkimer, Zeitschr. f. IViss. Zool.y lid. Ixiii., 1898), suggest 
that the primitive nephridia may be largely if not wholly ectodermal, and 
would distinguish these from the genital ducts and certiiin secontlary nephridia, 
which arise from the mesoderm as coelomic funnels. — Ed.] 
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tiie proctodaeiim. We arc therefore far more incliiie<l to reganl the Malpigliiaii 
vessels as new structures coming; iuto use on the degeneration of the ncphrnlia, 
than to trace them back to the actual ncphridia. 

Tlie development of the enteron is essentially influenced bv the 
relations of the entoderm-rudinient to the mass of the food-volk. 
The latter, which originally fills the cleavage-cavity, is taken up 
later into the enteron. This process may take place in various 
ways: (1) the yolk may filter through the wall of the enteric sar 
(At*tactut)y or (2) the entodcrm-cells may wander through the yolk i«» 
constitute the enteric epithelium at its surface (Crustacea, Ltmu/t/x, 
Araneae, Chiloixxla), or finally (3) the fooil-yolk may l)o gr«»wn 
round by the entoderm -rudiment (Mf/sis, Isopoda, Scorpione8({> 
Insecta). The formation of the intestinal e])ithelium in some cases 
only takes place very late (Amneae), and then the splanchnic layer 
of the mesoderm, which has meanwhile develoi>ed, becomes closely 
applied to the yolk-mas^s. Septa-like processes then grow out from 
it into the yolk-mass and isolate single complexes of the latter, 
which appear like diverticula. As in the central jKirt of the enter* in, 
so also in these divertieuhi, the formation of the e])ithelium only 
commences at a later period. The diverticula represent the nuli- 
ments of the hepatic lobe.<?, which, in the Crustacea, are fonued iu 
the same way, the only distinction l)eing that, in the latter, the 
differentiation of the epithelium takes place much earlier. 

Since, in some Arthropoda, only a part of the fotnl-yolk is taken 
up into the interior of the intestine, it may hap])en that smaller or 
greater masses of yolk remain behind in the boily-cavity and there 
undtTgo a gradual absorption (Moina, Mysis^ and the l>ipt<»rous 
Insects). In the I)iplopo<la, this condition, which elsewhere is 
excejUional, ai)pears developeil to a high degree, for here the enteron 
is Kiid to arise as a somewhat narrow tul)e in the middle of the 
yolk -mass. As a conseipience of this, the greater j)art of the y<»lk 
Would come to lie in the body-cavity. Here, as in the Crustacea 
above mentitnietl, the yolk-mass in the Wly-ravity is thickly sur- 
rounded and intvrpenetratetl by mes(Klerm-cells. 

We must next consider the development of the mesoderm. The 
cochimic cavities (»f the primitive segments, which, in some cases 
(Pn'iltatua and the Arachnida), have been seen to attain such high 
development, di» n«»t, in the Arthroj)oda, beccmie the definitive 
iMidy-ravity, but sooner or later the primitive segments undergo 
degeneration. I*ut l^'fore this occurs, the formation of the heart 
starts from the primilive se;^ments, single cells of the coelomic sacs 
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of the two sides becoming detached and uniting to form the dorsal 
tube. The primitive segments then break up to some extent, single 
cells from various parts wandering into the primary body-cavity and 
there forming a kind of mesenchyme. The permanent body-cavity 
arises through the appearance of lacunae in this mesenchyme and 
the flowing together of these lacunae to form large spaces. As a 
last remains of the primitive segments we have the pericardial 
septum so characteristic of the Arthropoda which cuts ofif a dorsal 
part of the body-cavity surroimding the heart (the pericardial space) 
from the larger ventral portion. 

Besides the parts just mentioned, the primitive segments yield 
the formative material for the nephridia. In Pertpatzte, where the 
nephridia appear, as in the Annelida, in all the trunk-segments, 
a considerable portion of the primitive segments is directly utilised 
for the formation of the nephridia. In the other groups, the whole 
question of the rise of the organs known as nephridia is still 
undecided, but it may be mentioned as very probable that the 
salivary glands and anal glands of Penpatvs^ the antennal and shell- 
glands of the Crustacea, the coxal glands of Limulus and the 
Arachnida, as well as the efferent genital ducts, are derived from 
nephridia, and in any case are mesodermal in origin. The nephridial 
nature of the organs of Peripatus just mentioned, and of the antennal 
and shell -glands of the Crustacea, may be regarded with some 
certainty as definitely established. The aperture of the efferent 
genital ducts varies greatly in position in the different divisions of 
the Arthropo<la. From this we may conclude that, in the different 
cases, the nephridia of different segments have been drawn into the 
formation of the genital ducts (Cliilopoda and Diplopoda), although, 
in some cases, the idea of a secondary shifting of the oi)ening through 
several segments is suggested. (In the Insecta, the apertures of the 
genital organs vary from the seventh to the ninth segment. In 
the Ephemeridae, the female genital aperture is found on the seventh 
segment, while, in other Insects, it lies behind the eighth segment.) 

The genital glaiule also are derived from the primitive segments, 
these being found as growths of the epithelium of the coelomic sacs, 
and thus having an origin exactly similar to that of the genital glands 
of the Annelida (Vol. i., p. 297). A further agreement with the 
Annelida is found in the fact that the remains of the coelomic 
sacs may pass direct into the cavity of the genital gland, so that 
the genital products budding off from the peritoneal epithelium can 
still fall into the secondary body -cavity (coelomic or genital cavity), 
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and pass out from there through the efferent (nephridial) ducts 
(Peripatus^ ^lyriopoda). The whole of that part of the primitive 
segments that is utilised for the formation of the genital glands 
fuses with those pairs of primitive segments which yield the efferent 
ducts (nephridia of the genital segments), the continuity between 
the genital glands and ducts being thus attained. In the Crustacea, 
as well as in the Arachnida and in the Insecta, there are secondary 
conditions of development of the genital organs, which, however, 
are to be traced back to the more primitive conditions just descriWd 
that still occur in Peripatus and the Myriojwda. 

In consecjuence of the great abundance of food-yolk in the e;i:gs 
of the ArthrojHxla, only the ventral side of the embryo at tirst 
appears in the form of a germ-band ; to this rule, however, there 
are frequent exceptions. The eggs, as has been mentioned, are 
occasionally small and have less yolk, which may be (in certain 
rare cases) traceable to a primitive condition, but in most cases 
must be regarded as a secondary phenomenon. In these cases, the 
spherical form of the egg may pass directly into the definitive sbaj^ 
of bo<ly. 

The germ-band which, in different forms, occupies a more or less 
considerable part of the egg, arises i>artly by the ectoderm-cells on 
the ventral side of the egg becoming elongated, juirtly by the 
ap])earancc )>eneath it of the two other germ-layers, especially of 
the mesoilerm- bands. Lesides this, the band-like thickenings of the 
ectoderm soon apiwar near the ventral middle line, representing 
the rudiment of the ventral chain «>f ganglia, which, indeed, very 
soon breaks up into segments. A much widened anterior section 
of the germ-lMind very soon l>ecomcs distinguished from the primary 
trunk of the em))ryo as the cephalic loljes. The trunk soon 
bn-aks up into segments, this modification chiefly involving the 
mesoderm (formation of the primitive segment), but may alsi> Ix* 
indicated on the <»xternal surface of the gcrm-lmnd even l)efore th« 
appearance of the primitive segments (UijfirophihiH^ Clndiriidowa), 
The series of liml)-rudiments appear as outgrowths of the surface 
on each side : in most Arthropoda, a jinness of a ctK?lomic sac 
passes into each of these limbs, so that they at first api)ear hollow 
(I'fripa/mij >ryri«>i>oda, Ortlmptera, Ara<hnida, Pantopoda). Kven 
in those forms which, in the adult, have no limbs on the al)domen 
(Araehnida, Inscnta), abdnminal limbs are found in the embryo; 
the alHlomen (»f the euibryo also may e«>nsist of a larger numlH?r 
of segments than that of the adult (Araneae), an indication of the 
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fact that these forms arc descended from ancestors \vhich possessed 
a richer segmentation of the body and a larger number of appendages. 

The germ-band does not always retain its primitive position on the 
surface of the egg, but may shift into the interior by imdergoing a 
ventral curvature (Myrioiwda), or else, by the development of special 
embryonic envelopes (amnion and serosa of the Insecta), it may sink 
more deeply beneath the surface of the egg. A similar but merely 
analogous development of embryonic envelopes is only found among 
other Arthropoda in a few viviparous forms (Scorpio and Peripatun 
Edwardsii), [Of. App. Lit. Insecta, Nos. XVI. and XLV.] 

The germ-band which until now corresponded merely to the ventral 
portion of the embryo, spreads out over the lateral and dorsal parts 
of the yolk which, so far, were only covered by a thin layer of cells, 
these being now involved in the further shaping of the embryo, the 
dorsal surface of which is thus produced. In the Insecta, these last 
processes of development become complicated by the process of the 
involution of the embryonic envelopes which takes j^lace simul- 
taneously. The closure of the dorsal Ixxly-wall completes the 
external development of the embryo, which, after corresponding 
further development of its internal organs, is ready for hatchini,'. 

The newly-hatched embryo eitlier resembles the adult, or else 
differs from the latter, in which rase it passes through a more or less 
complicated metamorphosis. The process of metamorphosis differs 
greatly in character in the different groups of the Arthropoda, but 
must in all cases be regarded as the development of secondarily 
acquired larval stages (Crustacea, Pantoi)oda, Insecta). The hatching 
embryo either consists of merely a few segments (Crustacea, Pantopoda) 
and only acquires the comjilete number of segments during the course 
of metamorphosis (Diplopoda), or else has the full number of segments 
as well as of boily-regions possessed by the adult, from which it is 
distinguished only by its dillerent manner of life and by deviations 
in the shape of the body determined by this life (Insecta). AVe find, 
for instance, that wings are wanting in all the larvae and young forms 
of Insects, this characteristic of the most highly develoi)ed Arthro- 
pods being thus proved to be a comparatively late acquisition, a view 
which is confirmed by the fact that wings are still altogether wanting 
in the lowest Insects (Apterygogenea, p. 260). 

One of the special characteristics of the metamorphosis of the 
Arthro|X)da is the series of consecutive different larval 8t4\ges wbich 
pass one into the other through proosses (»/ ec'hjsis. Such moults 
may idso occur during embryonic life, and are even often found at 
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an extniordinarily early perioil Wfore the germ-band has appeared 
{blastodermic cuticle of the Crustacea), or else before the limbB have 
formed {embryonic ctUicular e?ivel<q*e of Limiilus, deutovum-viemhran*' 
of the Acarina, embryonic enveloi^es of Pentastomum), All these 
cuticular envelopes then form a further covering to the embryo 
within the egg-integument. 

Zoologists were for a long time inclined to ascribe to the larvae of 
the ArthrojKHla an important i»hylogenetic significance. But when it 
was recognised that these larvae often represented secondarily nKnii- 
fied (adapted) forms {Nauph'us, Zoaea, Pantoj)odan larva, cater- 
pillar of Imterts)^ the comiwiriscai of the adult forms received more 
attention, a far higher value being set upon this branch of inquiry. 
The recent advance in the knowledge of PeripcUuB has l)een of special 
!*iguificance in interpreting the Artfirojtoda, and in tracing them fMirk 
to lower forms. Too great importance was indeed attached to those 
characters of Peripatus that i)ointed to the Annelida, and gave rise to 
doubt as to the uniformity of the Arthropod stock.* As it was seen 
that the Myriopoda and the Inseeta could be linked on directly to 
the Annelida through Peripatits^ the only way out of the difficulty 
causeii by the Crustacea, which wire apparently far removed from 
PerijHitns and in some resp?<*ts showed less primitive conditions, 
was to assume for them an inde])endent origin for the Annelidan 
stock. Recent research has, however, mad(; it appear that Peripatui* 
is more closely related to the Arthropoda than was formerly assumed. 
The nephridia are closed by end-sacs (remains of the coelom), an«i 
sht)W the tyi>e which we find recurring in the antennal and shell- 
glands of the Crustacea. The permanent body-cavity is a [)seudocoele 
which develops after the disintegration of the coelomic sacs through 
the eidargement of the primary IxMly-cavity. The heart is of the 

• iKuibts of this kind have reiH'.iti'lly lutn cxpressi'd. Th«*y have f<»un«l an 
.ilili' (xpoiu'iit in tiic anonymous author of an urticlc in Ktt^mon (No. 1), tvho 
Hr>:ucH a^^aiii^t tin* unity <il' the ArthroiMHlan stiK'k. Oudemans, in the HauH' 
wiiy. in in favoui of lueakin;; up the- ilivi^iun of the "so-calleil Arthrop«MU " 
(No. M. and Fki;nai.i>, in his ru't-nt tn.atisf on the " Kelationshiiia of x\\v 
AithiojHMhi" (No. 4), pves indication.'^ of hohlintf a tiiniilar view. Tliis latter 
authi>r, indriMl, ihiivts the thrci- gnat }>rinci|>ai trunks of the ArthrojMMlan 
st«K*k, the Cruhlacea, Aiachnida, and lu'^tota, fn>ni a common root. Thi* riH»t. 
howcviT, ihtv^ not s]tring from the Annelida, hut reaches l>aek to the unsef^ieiited 
foini«< fioiii >\]iirh aUo the Annelida an- diiivt-d, though iu another direction. 
/',,i^„ihi.s tht-n hranches olf, and tliu- is not directly eonnectetl with the thn-e 
MTtiiX hianrhrs of the Arthro(MNhin '•t<K>k. the Myrio|ioda also lieing indepemlent 
ol tht>'«'. Thesi* latter an-, liowever, tlioii-lit hy FeunaM) to \*c conueetwl with 
/'• rij''itfis. In any ca.se the eompleti unif-nniity of the Arthro]WMlan stock ia not 
h( Id hy tht>e authors, and it is al>M u|ij.ii<.td l»y Kin<jslky (No. 7), who, in 
"I'iti ot iheii many iHiint" of agre»iiieiit. derive*, the Crust^veeft and the lusccU 
from diMerent sUrting-i>oints. [See «!>«» N»». XII. — Ei».] 
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type which is universal among the Arthropoda — a dorsal vessel with 
lateral pairs of ostia. The development of Peripatus also, for a 
knowledge of which we must start from the New Zealand form 
which unfortunately is too little understood, is linked on to that of 
other Arthropoda.* We have here in the first place an egg rich in 
yolk, with superficial cleavage. The characters in which Peripatus 
stands opposed to the Arthropoda are the position and constitution of 
the extremities which are not actually jointed (we leave out of account 
here the Tardigrada and Penfastomuw, the relationships of which are 
uncertain), and especially the structure of the eyes, which must be 
regarded as an inheritance from Annelidan ancestors that was lost in 
other Arthropoda, and replaced by the ommateal eyes (ocelli and 
facet-eyes). 

After what has been said above, we seem to be justified in assuming 
for all ArthrojKxla {Peripatus included) a common origin from the 
Annelidan stock. In giving the name Protostraca to the hypothetical 
racial form of the Arthropoda which proceeded from the Annelida, 
and for which very primitive characters must be assumed if it is to 
serve as the starting-point of all known classes of Arthropods, the 
fact is expressed that the Crustacea in certain features of their 
organisation, especially in structure of their limbs, which can be 
traced back to the biramose form of parapodium, have preserved, in 
consequence of their retention of a pelagic manner of life, primitive 
characters. On the other hand, the form of extremities found in 
Peripatus (and partly retained in the Palaeostracat) must be con- 
sidered as a secondary adaptation to a terrestrial existence. 

Starting from the Protostraca, according to the present condition 
of our knowledge, we may, as has been already remarked, assume 
three great series of development of the Arthropodan stock, by 
the side of which a number of smaller independent branches 
have been retained. One of these series leads through the hypo- 
thetical primitive Phyllopod to tlu* Crustacea; the second through 
the Palaeostraca to the Arachiiida ; the third through fonns resem- 
bling Peripatus to the Myriopoda and the Insecta. The Pantopoda 
and the Tardigrada must probably l>e regarded as smaller, independent 
branches of the Arthropodan stock. 

If we try briefly to enumerate the general characters in which the 
Arthropoda are to be distinguished from the Annelida, we must point 
first to the great development c»f the cuticular integument and the 

♦ [See footnotes, pp. 16.') and 216.— Ep.] 
t [See Vol. ii., i». 333, footnote.— En.] 
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more ventral position of the limbs, some of which, as jaws, bite one 
against the other. This last point is of importance, because the jaw8 
of the Annelida are mere cuticular secretions of the stomodaeum, 
and not appendages. We should mention further the degeneration 
of the coelomic sacs and of the nephridial system. The former 
undergo disintegration through the development of a secondary 
pseudocoele, and the latter, in the higher forms, through the ac- 
quisition of a new excretory apparatus. In direct connection with 
the condition of the body-cavity we have the absence of a closed 
blood-vascular system, and the development of that tyjw of heart 
characteristic of the Arthropoda. 

Another i)eculiarity recurring throughout the whole series of the 
Arthropoda is the enlargement of the primary cephalic region by 
the addition of originally post-oral segments. It might Ik? worth 
while to attempt to attain a fixed point for the homologising of the 
anterior pair of lim))8 in the various Arthroixxia, but in the present 
state of our knowledge such an attempt would have to be made with 
the greatest care. We may i)erhaps conclude from the segmentation 
of the brain, that the antennae of Peripatiis^ the MyriojKKla, and 
the Insecta are homologous with the first antennae of the Cnistacea. 
We should then jMirhaps Ix; able to consider the jaws of Peripatuj*, 
which are included in the mouth, and the ganglion of which is 
approxinuited to the brain (in the same way as are the antenna] 
ganglia of the Crustacea), as the equivalents of the second anteDna** 
of the Crustacea, which, indeed, in the Xaitjflius still function as 
masticat<^ry organs. We are iwrhaps justified in assuming that, in 
the Myrio[MHla and Insecta, these extremities are completely lost, s<» 
that tht» mandibles of the Insecta (tlie homologues of the nral 
papillae of Peripatus\ would then have to be related to the 
mandibles of the Crustacea. We might further assume that th«* 
chelicerae of the Arachnida correspond to the second antennae of 
the Oustait'a, a vifw that is supported by the condition of their 
ganglia which fust' with the brain. The homologue of the first 
antenna*' wouhl, in this ciise, b<' lost, but it is seen to reapp*'ar 
ontogenetically as a transitory structure (p. 111). The pe<lipal])s 
would thus l>e the ei^uivalent of llie mandibles of the Crustacea antl 
Insecta, whereas the chelicerae have until now, as a rule, been 
homologised with these latter (H'L^'ans. 

A consideration of the accompanying table shows that the difFerent 
reirions of tlie Ixxly (tin' hea«l, lli«i thorax, and the alxlomen) are 
not, in the various divisions of the ArthroiKxla, precisely hoimv 
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logous, for they are not formed of the same number of segmenUi 
in all cases, nor are the same segments in all cases included in 
the similarly named body-region. The absence of a definite rule 
can be seen even in the Crustacea, in which the incorporation (»f 
thoracic limbs with the mouth-parts varies greatly in the different 
sub-divisions. Although we thus see that, in the great divisions 
of the Arthropoda also, the consecutive segments develoj) hetero- 
morphously, we shall still bo inclined to explain this fact by iht* 
requirements of the different functions, and shall not homologisu 
the regions bearing similarly formed appendages. It will thus !)*• 
quite possible to homologise the thoracic and alxlominal appenda^^es 
of one division with the cephalic and thoracic limbs of another, as 
in the table. That we are justified in such a course is shown, not 
only by the condition of the Crustacea already mentioned, but also 
of those Arthropods which we consider as the more highly develojK'd, 
such as the Insecta. In the Hymenoptera, for instance, the tirst 
abilominal segment may join the thorax (segment mtVliaire),* and 
be so marked off from the abilomen as to appear niuch more like 
a thonu'ic than an abdominal segment An omission, or rather a 
complete degeneration of single segments, such as must be assumeil 
in the cases of the first antennae in the Arachnida and of the second 
antennae in the Myriopoda and Insecta (see the table), seems to be 
an exceptional occurrence. AVe are here leaving out of account the 
reductions undergone in many cases by the Arthropodan Innly 
(<?.f/., in certain Crustacea, Arachnida, Pentcuntomum^ and also many 
Insecta), and which often lead to a complete degeneration of the 
segmentation in different regions of the bixly or in the whole Ixxly, 
indeed, in the last case may even result in the disap|)earance of 
the division into body-regions. Such reductions may lead to the los«, 
not only of the segmentation, but also of the limbs (Pentattomum)y 
a principal character of the Arthropoda being thus obliterated, but 
even in tliis case the development of larvae provided with extremities 
t est i ties to the Arthropotlan nature of these forms. 

• Such ii significance cannot any longer W ascriJ>e<l to the sognieut inediairt* 
of the Dijitcni (BuArER, SUz, Akml. Wiss. /FiVw, IM. Ixxxv., Ahth. i., 1SS2), 
!»nt their is evi<icntly a close connection between the thorax and the alxliunen 
in this onhr also. 
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A. 

Acantho(lriIu9, 421. 
Acarina, 1, 93-109, 114. 
Accntropus, 361. 
Acholia laevis, 149. 
Acilius, 294, 326-383. 
Aeschna, 359. 
Agalena, 37, 39, 42, 45, 

49-55, 81, 83, 147, 

212. 

— labyrinthica, 46, 52, 
56, 85. 

— naevia, 65, 64, 65. 
Agelastica, 341. 
Agrion, 417. 
A^oiiidae, 359. 
Alciopidae, 195, 215. 
Aleurodes, 357. 
Alycus ix)seu8, 100. 
Ametabola, 355, 358. 
Ammothea, 159. 
Androc tonus, 1, 4. 
Anonialon, 364. 
Anthophora, 363. 
Apatania, 388. 
Aphidae, 5, 260-263, 

268, 271, 279, 287, 
306, 311, 324, 342, 
352, 354, 388, 389. 

Aphis, 280. 

Apidae, 364. 

Apis, 286, 287, 294, 296, 
301,809-311,316,317, 
336, 337, 338, 350. 

Apterygogenea, 260. 

Apus, 99. 

Arachnida, 1-128. 

Arachnomorphac, 37. 

Araneae, 1, 37-93. 

Area, 831. 

Argyroneta, 78. 

Ascaris, 351. 

Asellus, 35. 

Aspidiotus, 279. 

Astacus, 44, 412, 422. 

Atox, 96-99, 103. 



A tax Bonzi, 96, 99, 103. 
Attus floricola, 58. 
Atjpiis, 37, 73, 92. 
Avicularia, 37. 

B. 

Belinurus, 113. 

Biurhiza aptera, 264. 

Blatta, 263, 266, 272, 
274, 282, 294, 298, 
299, 306. 320, 393. 

Blattidae, 260. 

Bonibus, 296. 

Bonibyx, 263, 298, 388. 

Bostrychidac, 363. 

Braconidae, 364. 

Branch i pus, 411, 417. 

Buprestidae, 363. 

C. 

Calliphora, 378. 

See Musca. 

Calopteryx, 277. 
! Calotermes, 393. 
j — nigosus, 394. 

CaniiKKloa, 260, 300, 390. 

— staphylinus, 392. 
Cam podei form larva, 358, 

i 359. 362. 
I Cardioblasts, 888. 
I Cataclysta, 361. 
Cecidomyia, 260, 263, 
275,284,352,353,388. 
Cecirlomyiidae, 289, 362. 
Ceranibycidae, 363. 
Cetochilus, 38. 
Chalcididac, 263, 366. 
Chalicodoma, 290-296, 
315,316-318,323,328, 
337, 338, 424. 

— muraria, 287, 290. 
Chelifer, 27-30, 95, 147, 

150. 
Chermes abietis, 390. 
Chennetidae, 389. 

2f 



Chernetidae, 81, 32. 
Chilognatha. 83, 218. 
Chilopoda,218,223, 244, 

257. 
Chironomidae, 362. 
Chironomus, 266, 271- 

275, 283, 284, 307, 

308, 315, 351-354, 

385, 388. 
Chloe. 358. 
Chrysididae, 332. 
Chrvsomclidae, 307, 817. 
Chthonins, 28. 
Cicada, 298. 

— septemdicem, 357. 
Cicaaidae, 357. 
Clavularia, 412. 
Clepsine, 177. 
Clubiona, 45, 48, 51. 

— incompta, 47. 
Coccidac, 279, 281, 367. 
Coleoptera, 260, 363. 
CoUembola, 260, 356. 
Collulus, 81. 
Corethra, 299, 369-374, 

385, 386. 
Corixa, 274, 279, 282, 

306. 
Corrodentia, 260. 
Cribellum, 81. 
Culex, 885. 
Culicidae, 261, 362. 
Cuma, 411. 
Curculionidae, 363. 
Cyclops, 351. 
Cyclorhapha, 362. 
Cymothoe, 413. 
Cynipidae, 263, 264, 350, 

363, 364, 388. 
Cysticus, 58. 
Cytheridae, 385, 420. 

D. 

Dalmania, 71. 
Damaeus, 94, 98. 
Demodicidae, 107. 
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DcndroptiiH, 100, 103. 
Dernialeichidae, 107. 
Dcrma|>tei*a, 260. 
Deutoccrebnim, 326,828. 
Deutovura, 97-99, 105, 

426. 
DioiMitra, 69. 
Diplopoda, 218,229,245, 

257. 
Dipneuiuoncs, 37, 81. 
Diptera, 260, 288, 342, 

362. 
Doloinecles, 37. 
DoDftcia, 307. 
Doryphora, 267, 288, 

290, 292, 295, 305, 

307, 312, 325, 327. 
Dywlera, 78. 
DytiHcidae, 361, 863. 
Dytiscus, 332, 363. 

E. 

Egg-tooth, 33, 58, 98, 

227, 235. 
Elateridae, 363. 
Embryonic meniliranes, 

4, 268 H acq. 
Einydiae, 162. 
EncyrtUH fiiseicolliH, 366. 
Ej>eira, 37, 39, 43-45, 

55, 56. 

— coruuta, 58. 
Epheiiieridae, 260, 299, 

349, 350, 358, 860, 

366, 421, 423. 
Eniciforiii larva, 358, 

361. 
Euphaea, 359. 
Eii.scM)r]>iiis, 1, 6. 

— italKiis, 1-13, 18, 22, 



or, 



F. 



Forticula, 260, 349. 
Forticulidat', 361. 
Formica, 286. 
Formicidac, 263, 364. 
FcsHoria, 364. 



<;alo<Nlfs, 34, 37, 114, 
11.'.. 

- .iraiH'oideM, 34. 
<iam:isidiic, 107, 108. 
(iimustiri, 100. 

- .iiHsiin'M, 107, 108. 
-- tiK'onim, 102. 

- tar«!u«, 109. 
Cieophilidac, 229. 



Gcophilus, 212,218-229, 

231, 235, 240, 243, 

246, 247. 
— ferrugineus, 219, 220, 

222-229, 244, 250. 
Gigantostraca, 113. 
Glomens, 188, 218, 229, 

236. 
Grj'Uidae, 282. 
GryI1oUli>a, 266. 274, 

282, 297, 806, 811, 

888 341. 
Gyriuus, 363. 

H. 

Hacmamooluic, 28, 99, 

105. 
Halacaridae, 100, 103, 

107. 
Halacanis .spinifcr, 100, 

108. 
Halaraclmo, 93. 
Hemiaspi.H, 113. 
Hemimetai>o1a, 357, 358. 
Homiptera, 272. 
ileptagenia, 349. 
Ilcteromorpha, 260, 356, 

35S, 359. 
Hiriidiiua, 212. 
Holo-nietalM)Ia, 356. 
Homomorplia, 260, 355, 

356. 
Hydraclinidae, 107. 
Hy<iractiiiia, 155. 
Hydrocampa, 361. 
Hydrometra, 278, 306. 
Hydrophilus, 247, 263, 

26,'i, 270, 2S7, 288, 

290 298, 301, 305, 

306,309-314,318 324, 

337, 388, 341, 342, 

363, 412, 424. 
Hylotoma,292,293, 298- 

300, 308. 
— Iwrbcridia, 286. 
' llvmcnoptera, 260, 285, 

363, 869. 
Hyi»opUK, 109. 

1. 

Ichiioumonidae, 261,832, 

350, 364. 
Imagiiml disc***, 368. 
Iiisccta, 260 896. 
IxtMlfs, 103. 107, 109. 
Ixoiiidac, 107. 

J. 

.Japyx, 260, 263, 334. 
i Julidae, 238. 



Julus, 218, 223, 229 
238, 242, 246. 

— Morel lotti, 220, 280. 

— terrestris, 220, 221, 
241, 245, 246. 

K. 

Koen^nia, 1. 
, — mirabilis, 27. 

L. 

Lasius. 382. 
Leciiiiiuin, 279. 
Leiobunum, 32. 
Lepidoi»tera, 260, 273, 

284, 361, 869. 
Lepisma, 260, 300, 304, 

317. 
I LilM>lliila, 859. 
Lil)ellulidac, 260, 274, 

275, 276, 279. 2>2, 

287, 289, 296, 304. 

309, 859. 
Ligia. 412. 

Limnesia (tardina, 107. 
. LimuluR, 10, 11, 27, 42, 

70, 75-79, 111, 113, 

117, 151, 242, 412, 

414, 417-428. 
Liiia, 287, 290, 291-296, 

312. 
Lilians, 388. 
Liphistius, 37, 80, 117. 
Lithobiidao, 229. 
' Lithobius, 188, 218,242, 

245. 

— validus, 233. 
Ix)cuHtidac, 293, 304, 350. 
Lucifer, 412. 
Lumbricus, 91. 
Lvcoaa, 37, 44, 45, 65, 

"81. 
Lyda, 299, 364. 
Lyt«ioiH>taluni cariuatuiii, 
234. 

M. 

MachiliH, 260, 298, 392, 

395. 
Macrobiotun Hufelandi, 

162. 

— - iiittcroiiyx, 163. 
Mallophaga, 260, 279. 
Maiiti<lae, 260. 
Mantis, 261, 274, 282, 

293, 294. 298, 300, 
320, 325-328. 
Mantiftfia, 361. 
Megaloptera, 260. 
I MegascolidvM, 421. 
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4.3.5 


Melof. 263, 2»5, 203. 


Onyclionliora. IS4. 


PevipatuB novae - liril- 


1 Meloidso. 3fla. 


Opilio, 32. 


WiiiaB, 164, 166-169. 


Melolonlbo. 270, 296, 


Opilioues, 1, 32-37, 73. 


178, 196. 208, 212, 


298, 306, 317. 


113. 


213, 268, 304. 


MeaothL-W, 37. 




— torniatua. 184. 


Mclaboln, see. 


0pUtlL0ti>da». 37. 


PoripIani^U, 261, 349. 




OriUtidoo, 94, 67, 103, 






106, 107. 


Pi^rlidae, 260, 350, 369, 






360, 307. 


Micropyle, 281. 


282, 299. 


Phaco,*, 71. 


Moiua, 245, 2S0, 413, 


OrlhorL»plia, 363. 




122. 




Phalaijgiuni. 32, 78. 


Uuaca, 262-260. 271, 


P. 


— opilio. 34. 


SII, 311, 317. 339, 


Fhaamiduc. 280. 


352. 373-380, 8S6. 


Palaeophonos nunciua. 




— vonittoria, 264. 


117. 


38. 


MbwMm, 250, 290, 294, 


Pallone, 139-148. 


Pholcus, 42, 45, 49, 59, 


296, 803, S04, 812- 


— empi!*a. 147. 153, ISl. 


63. 


815, 320, 3B9, 873- 


Palpigrodi, 1. 27. 




386. 


PanorMtae, 260, 361. 


Myg»le. 37. 


PantoiHida, 139-161. 


88,92 


UyobU, U4, 93, 103. 


Parnponyi. 361. 
rimidae, 363. 


PhoxieliiIidinm,lSB,14I, 

154. 


— musculi, 94. 95. 


Palella, 331. 


— femontiitn, ISS. 


UyrioiK>.k, 113, 218- 


PautomeUbola, 357,361. 


_ plumularia. IBS. 


259. 


Pauropoda, 21 S, 238. 


Phnrganoa. 73, 260, 
— ftiacft, 361. 


Myrraeleou, 336, 361. 


257. 


Mysis, 24S, 334, 411, 


Pauropus, 27, 218, 


PhrysiDeidie, 261, 271, 
274, 282, 284, S07, 


422. 


PotliculLdae,279. 




Pedicalina, 349. 


311, 838. 


N. 


Pedipalpi, I, 10. 26. 


Phn-mia, 10, 26, 36, 81. 
837, 341-352. 


Niuiilius, 159, 160,421, 


Fenipliigus torubintlii. 


Nematocora, 3d9. 




- gemiaoica, 319, 342- 






347. 


Neophylax, 2S7, 284. 


430. 


Phylloxera quercus. 369. 


Nei«, 298. 


— ddulioulalum, 135. 


— »MUtri», 390. 


Hq.ticnU, 362. 


-<.xycephalQm,181. 


Phyupnda, 360, 279. 


Nwie.. 103. 






Neuroblista, 325. 


13S. 


Phytopta. 107, 137. 


NeuropWra, 260, 360. 


— proUlia, 135. 


Pliytoplidau, 97. 






Plena, 263, 368, 298. 


388. 


Peri(«tns, 2, 7. 25, B8, 


I'ilidimn, 871. 


Nyiuplialidoe, 378. 


62. 90. lU, 113, U6, 


Pijiiira, 37. 


Hymphon. 139, 118. 


164-217, S2«, 230, 




— bniTiosudatura, 139, 


241, 248-257, 296, 


366, 3«B. 


140. 146, 153. 


29B, 300, 320, 322. 


Pleooptera, 280, 399, 


— brevicollum, 153, 164. 


33.% 361, 390, 393. 


359, 




394, 412-438. 


Plumularia, 166. 




-Italfoiin, 104. 


Plutcua. 371. 




- caiunais. 164, 189, 


Podocoryne, 155. 


0. 


170, 175-184, 188, 


Podura. 264, 260. 


ObUiam. 101. 


195-210. 


Poduridw, 263, 268, 303, 


OdunaU, 260, 299, 359. 


-Edwardaii. 164, 170- 


304. 


OcMDthils. 5, 266. 274. 


178,180-186,190,193, 


PoU.c«lla, 352, 363. 


281, 282. 287, 283, 


200, 207, 210, 311, 


Pole nuclpi, 264. 


292, 316, 341. 


216, 411. 426. 


PalitMi gnllica, 286. 


Oedipod., 327. 


— luithunii, 1S4, 174. 


Polydeamus, 218, 223 


Oestrida.., 260. 


— ovipirua, 165. 


229-238. 


Oligoclwuta, 112. 


- uoTa..-Malaudiae,186, 




Omiphis. 69. 


173,207,216. 


" 
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Polyxemw, 188, 218, 223, 

229-238. 
— lagiirus, 257. 
Porthesia, 388. 
Primitive cunmlus, 4-48. 
Progoneata, 257. 
Protocerebrum, 826, 328. 
Pselaphognatha, 218. 
Pseuaoneuroptera, 272. 
Pseud oscorpioucs, 1, 27- 

32, 118. 
Psocidao, 260. 
Psophus stridulus, 394. 
Psyche, 888. 
Psyllidae, 279. 
Pterygogcnea, 260. 
Pteromalidae, 364, 366. 
Pteromalina, 287, 289. 
Pteroptus ve8|)ertilionis, 

107. 
Pupipara, 260, 362. 
PycnogoQuin, 139. 
Pyralidae, 361. 
Pyrrhocoris, 274, 278, 

305, 311. 

R. 

Kcuilla, 412. 
Rhizobia, 390. 
RhizotrogUH, 363. 
Rhodites, 264. 
Rhyncholophus, 103- 

105. 
Rhyncbota, 260, 278,282. 

S. 

SagitU, 313, 314, 851. 
SaUatoria, 260. 
Salticus, 78. 
Sarcopbaga, 260. 
Sarcoptidae, 93, 95, 107. 
ScoloiK^-iKlra, 218, 228, 

241, 242, 253. 
— immaculata, 391. 
Scolo}>cndn'lla. 36, 114, 

218, 255, 299, 390, 

u95. 
Scolo|K?ndridae, 21 9, 229. 



I Scorpio, 1, 14, 16, 17, 

I 40, 63, 66, 68, 73, 92, 

I 212, 419, 425. 

I Scorpiones, 1-26, 113, 

I 287. 

i Scutigcra, 69, 218, 241- 

' 243. 

I ■ — coleoptrata, 259. 

' Scutigendae, 229. 

Scutovcrtex, 93. 

Segestria, 78. 
i Sialidae, 260, 360. 

Siumlia, 275, 284, 371. 
I Sipbonaptera, 260, 362, 

363. 
I Sisyra, 361. 

Sitaris, 363. 
i Smicra, 263. 

SmiutburuR. 36, 260, 395. 
' Solenobia, 388. 
, SoHfugae, 1, 34-37, 113- 

117. 
; Spatbegastcr l»accanim, 
888. 

Spbaerogyiia vcntricosa, 
108. 

Spbinx, 298. 

Si>ongi11a, 861. 

Stapbylioidac, 260. 

Stenobotbrus, 272, 274, 
282-284,291,292,320, 
825, 342. 

Stratioinyidao, 362. 

Strationiys, 362. 

Stroiigylosouia, 218, 223, 
229-238. 

— Gueriiiii, 231, 235. 

Stylopidae, 260. 
■ Symphyla, 218, 238,257. 

Syringobia cbelotus, 93. 
I Syrpbidae, 362. 

i T. 

Tacbina, 260. 

Ta<:binidae, 289. 

Tanystyluiii, 139, 142, 
151. 
I Tarantula, 37. 

Tartligrada, 162, 168. 
i Tarsoiiyinus, 100, 103. 



; Tegcuaria, 42-44. 

— doniestica, 58, 84. 
Teleas, 366. 
Teiiebrio, 298. 
Tentbridinidae, 298, 364, 

388 
Temiitidae, 260. 
Tetraneura, 890. 
Tetraiiycbidae, 107. 

Tctrauycbuj*. 103. 

— telarias 94 . 
Tcti-apneumones, 37, SI. 
Theridiura, 37, 89, 45. 

46, 88. 

— niaculatuni, 40, 59, 
1 60. 80, 84, 86, 89. 

Tlirips, 260. 

Tbysanoptera, 260. 

Tbysanura, 260, 355. 
i Tineidae, 361. 
' Tipulidac. 362, 872, 418. 

Tncbiosoma lucoram, 
364. 
I Tricboptera, 260, 284, 

861. 
I Trilobites, 71, 116. 
! Tritocenbnini, 826, 328. 

Tritovuni. 98. 105. 

Tronibidiidae, 100, 107. 

Trombidiuni, 97-105. 
;' — fuligiuosum, 104, 106. 
I Tubularia, 155. 
' Tylus, 336. 

Tyroglypbidae, 107. 

Tvroglyphus «iro, 100, 
I '109. 

U. 

Uroceridae, 364. 

V. 

' Vesiia, 73, 333, 384. 
' Vespidae, 364. 

Vitellopbags, 45, 2f>H, 
I 817. 
I Vnlhicc-lla, 881. 

i *^' 

j Xipbidium, 298, 325. 
I Xipbosura, 113, 159. 
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